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K     Potassium 
kg     kilogram 
kg ha-1     kilogram per hectare 
t ha-1    tonnes per hectare 
L    Litre 
HSD     Tukey's honestly significant difference 
m     meter 
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m-2     per square meter 
MET    mean emergence time 
mg L-1    milligram per litre 
MGT    mean germination time 
ml    millilitre 
mm    millimeter 
dS m-1    deci-Siemens per meter 
MPa    Mega Pascal 
nm    nano-meter 
N     Nitrogen 
NS    non-significant 
P     Phosphorus 
CRD    completely randomized design 
RCBD    randomized complete block design 
RCI    relative competitive index 
Rs.     Rupees 
USDA    United States Department of Agriculture 
T50    time to 50% germination 
WDG    Water-dispersible Granules 
SC    Suspension Concentrate 
EW    Concentrated Emulsion  
AS    Aqueous Suspension 
ET    Economic threshold 
SPSS    Statistical Package for the Social Sciences 
ABSTRACT 
 Parthenium (Parthenium hysterophorus L.) is an oncoming threatening 
weed for field crops including maize, in Pakistan. Scientific investigation 
regarding allelopathy, competiveness and management of parthenium in maize 
(Zea mays L.) was carried out through laboratory and field experiments. In 
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laboratory experiments, allelopathic effect of 5% (w/v) aqueous extracts from 
root, stem, leaves, flowers and whole plant parts; and rhizospheric soil of 
parthenium growing at various farm’s locations were tested against germination 
and seedling growth of maize. Maximum inhibition in germination (67%) and 
seedling biomass (106%) of maize was caused by leaf extract of parthenium 
uprooted from near field border probably due to its higher total phenolic contents 
(6678.2 mg L-1) and phenolic composition namely gallic, caffeic, 4-hydroxy-3-
methoxy benzoic and p-coumaric acids detected in it. However, maize seed sown 
in parthenium rhizospheric soil near water channel showed maximum reduction in 
seedling biomass (35%) and seedling vigor index (34%) due to higher total 
phenolic contents (2549 mg L-1) and presence of m-coumaric, vanillic, syringic 
and ferulic acids in its 10% (w/v) aqueous extract. The bio-herbicidal potential of 
aqueous extracts with 5% (w/v) concentration from different plant parts (root, 
stem, leaves, flowers and whole plant) of four herb species (Achyranthes aspera 
L., Alternanthera philoxeroides Grisebach, Rumex dentatus L. and Datura metel 
L.); and with 1, 2, 3, 4 and 5% (w/v) concentrations from leaves of four tree 
species (Eugenia jambolana Lam., Ricinus communis L., Ziziphus jujuba L. and 
Ziziphus mauritiana L.) was explored against germination and seedling growth of 
parthenium by petriplate-based germination and pot-cultured based foliar spray 
bioassay studies. Maximum suppression in germination (95 and 79%) and 
seedling biomass (96 and 97%) of parthenium was caused by 5% leaf and whole 
plant extract of A. aspera, and leaf extract of R. communis, respectively due to 
their higher total phenolic contents (5778 and 6655 mg L-1) and presence of gallic, 
caffeic, chromatotropic, p-coumaric, m-coumaric, syringic and 4-hydroxy-3-
methoxy benzoic acids. Field experiments were carried out to find out critical 
density, competition period and chemical control of parthenium. Three field 
experiments were conducted to study the effect of different density levels (0, 5, 
10, 15, and 20 plants m-2) and competition periods (0, 5, 6, 7, 8 weeks after crop 
emergence and for full season) of P. hysterophorus; and various herbicides viz., 
atrazine @ 360 g a.i. ha-1, atrazine + nicosulfuron @ 385 g a.i. ha-1, atrazine + S-
metolachlor @ 720 g a.i. ha-1, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 
and dicamba @ 304.5 g a.i. ha-1 on growth and NPK-uptake by weed; yield, yield 
components and grain quality attributes of maize. Gradual increase in parthenium 
weed biomass and NPK uptake; whereas decrease in maize plant height, yield and 
yield components were observed with increasing parthenium density and 
competition period. Significant reduction in grain yield (20% in each) of maize 
was observed with parthenium density of 5 plants per m2 and parthenium 
competition period of 5 weeks after crop emergence, therefore considered to be 
critical for control of this weed. Economic thresholds of parthenium weed in 
maize crop were estimated to be 1.2 and 1.3 plants per m2 during year 2012 and 
2013, respectively. In comparison with weedy check, all herbicide applications 
resulted in significant reduction in parthenium dry weight and NPK uptake; while 
significant increase in plant height, number of grains per cob, grain weight per cob 
and grain yield of maize was observed during both years of study. Among 
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herbicides, the highest parthenium weed control efficiency (100%) was given by 
bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 followed by dicamba @ 
304.5 g a.i. ha-1 (90 and 96.8%) during years 2012 and 2013, respectively. The 
best performance in terms of grain yield increase over weedy check was shown by 
the bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 (138%) followed by 
dicamba @ 304.5 g a.i. ha-1 (74%). The highest benefit: cost ratio (6.87 in first 
year and 7.17 in second year) and MRR (2858 in first year and 2030 in second 
year) was attained by bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1. 
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CHAPTER 1 
INTRODUCTION 
 
Weeds are plants growing at places, in time and abundance not desired because 
they interfere with land and water resources, and play havoc with human welfare (Rao, 
2000). These may be dichotomized into agricultural weeds – those damaging to farming, 
and environmental or bush land weeds – those destructive to native vegetation and faunas 
(Arcioni, 2004). A weed in a region or ecosystem may be native which belongs to that 
area or alien that has been introduced from else where. The introduction of alien, exotic or 
non-native weed species necessarily involves direct or indirect human intervention. After 
introduction, some of weed species become able to sustain their population without 
human involvement but do not necessarily spread hence known as naturalized plants. A 
few of them which, due to their adaptability and reproducing capacity, able to spread over 
a wider geographical scale within limited period of time, are termed as invasive weeds 
(Rejmánek et al., 2005). The issue of invasive weeds has been gaining due attention 
worldwide since the 1980’s because of their associated problems and potential threats. 
Moreover, research on alien or invasive plants gives us an overlook into the ecological 
relationship among various plant species (Luken and Thieret, 1997).  
In Pakistan, not much study regarding environmental impact of invasive species 
has been carried out. According to an estimate, 700 alien plant species have yet been 
introduced in Pakistan (Hussain et al., 2000). Parthenium hysterophorus L., commonly 
recognized as parthenium weed, white head weed, carrot weed, rag grass, congress grass 
or Santa Maria feverfew; is a member of family Asteraceae. Locally it is known as 'gajar 
booti' or 'gajar ghaas' and is considered to be an invasive weed in Pakistan (Shabbir and 
Bajwa, 2007). It is herbaceous plant with deep tap root system, an erect stem that may 
attain up to 2 m height that gradually forms woody appearance near maturity.  Leaves are 
bi-pinnate about 2 cm long and form rosette appearance at initial growth stage but 
become up to 30 cm long and alternately arranged during later growth phase. Cream 
colored flower-heads or capitula of 4-5 mm diameter are arranged in terminal panicles at 
the tips of the branches each bearing 4-5 wedge shaped seeds, 2 mm long and covered 
with thin, white scales (Navie et al., 1996). 
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Parthenium is quick maturing annual or short-duration perennial which usually 
germinates in spring season or in early summer, flowers and produces seed throughout its 
life and matures near late autumn (Adkins et al., 1996). However, if suitable conditions 
such as temperature (12-27oC) and soil moisture are available, parthenium germination, 
growth and flowering can occur throughout the year and it can produce 4-5 generations 
per year. Contrastingly, under stressed conditions especially drought, parthenium plant 
culminates its life cycle within 4 weeks. Optimum temperature for its germination is 22-
23oC and day /night temperature of 35 /28oC is required for its growth (Shabbir and 
Adkins, 2012). This weed thrives best in regions receiving annual summer rainfall above 
500 mm. It is prolific seed producer with an average seed production capacity of 15,000 
seeds per plant which spread through water by floating on it or through animals, 
machinery and vehicles by mixing with mud (Auld et al. 1982). Its seed can not remain 
viable for more than 2 years but seed buried in soil at a depth more than 5 cm remain 
dormant for several years therefore contributes to persistent soil seed bank (Navie et al., 
1998).   
Parthenium hysterophorus is presumed to be originated from the sub-tropics of 
central and South America and Caribbean and distributed in tropical regions of Australia, 
Africa and Asia (Navie et al., 1996; Mahadevappa, 1997). Up till 1977, it was not 
considered to be serious weed (Holm et al. 1977) but now, it has achieved 10th position 
among world's worst weeds (Callaway and Ridenour, 2004). Parthenium has invaded 
about 20 countries around the world including Pakistan (Everist, 1988; Shabbir and 
Bajwa, 2007; Nigatu et al., 2010 and Riaz and Javed, 2010) where it has become an 
aggressive colonizer of over grazed pastures, waste lands, agro-ecosystems, railway sides, 
water courses and field crops growing under varied environmental conditions (Shabbir 
and Adkins, 2012). Although, several characteristics such as frequent germinations, 
greater germination rate, higher seed output, phenotypic plasticity and wider 
environmental adaptability make parthenium a successful invader (Evans, 1997; APFISN, 
2007), allelopathic potential is the most important character responsible for its high 
dominance (Kohli and Rani, 1994; Pandey, 1994). Parthenium is a greater threat to 
integrity of native ecosystems as it reduces their biodiversity by replacing all other flora 
through inhibiting their germination and growth by phytotoxic allelochemicals secretion 
(Saxena, 1991). Therefore, wherever in world this weed has invaded, beneficial natural 
flora with forage, medicinal or other economic value starts to disappear from the area of 
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its colonization (Shabbir and Bajwa, 2006; Nigatu et al., 2010). This weed is able to cause 
decline in the herbaceous component of natural plant communities up to a level of 90% 
by its competitive and allopathic potential (Mahadevappa et al., 2001). In various 
countries, P. hysterophorus has already been reported to cause significant yield losses in 
Sorghum bicolor L. Moench (40-95%), Cajanus cajan L. (33%), Phaseolus mungo L. 
(67%), forages (90%), Lycopersicon esculentum Mill. (63%), Helianthus annuus L. and 
Coffea Arabica L. (Njoroge, 1986; Parsons and Cuthbertson, 1992; Angiras and Saini, 
1997; Morales-Payan, 2000; Tamado et al., 2002; Vivek et al., 2003 and 2008). 
In Pakistan, parthenium weed was firstly seen at district Gujrat of Punjab province 
in 1980's (Razaq et al., 1994) from where it moved to other parts of Punjab and Khyber 
Pakhtunkhawa. Presently, this weed has spread throughout Punjab (Shabbir and Bajwa, 
2006; Riaz and Javaid, 2010, 2011 and 2012) and has become dominant in wastelands 
and problematic for crops, pastures, forests and parks in both irrigated and rainfed areas 
(Shabbir et al., 2012). It is also becoming threat to various crops in Punjab and Khyber 
Pakhtunkhawa (Anonymous, 2011). The presence of this weed as an aggressive colonizer 
in natural grasslands, field crops, orchards and vegetable fields throughout Pakistan has 
been well documented (Javaid and Anjum, 2005; Shabbir and Bajwa, 2007; Javaid and 
Riaz, 2007; Riaz and Javaid, 2010 and 2012). In Pakistan and other countries where 
parthenium has invaded, it is becoming a problematic weed particularly in wide-rowed 
sown summer season crops such as maize, cotton, sugarcane, peanut and vegetables 
(Hashim and Marwat, 2002; Marwat et al., 2008; Shabbir and Adkins, 2012). In Pakistan, 
partheium has been known to be more competitive compared with other native naturally 
colonizing flora such as Chenopodium album and Kochia indica (Vehra and Khan, 2011) 
and has more deleterious effects through its phytotoxic ability on mungbean (Vigna 
radiata L. Wilczek) than two other local Asteraceous weed species namely Ageratum 
conyzoides L. and Sonchus oleraceous L. (Shabbir and Javaid, 2010b). 
During last decade, a number of management studies through physical, biological 
and chemical means have been carried out for the successful control of this weed in non-
cropped and cropped situations (Singh et al., 2004; Javaid, 2007; Kumari et al., 2010; 
Tadesse et al., 2010; Tamado and Milberg, 2004; Khan et al., 2012; Bekeko, 2013). 
However studies yet conducted in Pakistan on P. hysterophorus are mostly focused on its 
spatial distribution, ecological relationships with other weeds and management aspects 
under wasteland conditions without taking into consideration the crops. Therefore, there 
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is a need for eco-management studies of this weed in relation to our major field crops so 
that we will be able to ascertain probable yield losses and devise suitable management 
strategies of this weed in them.  
Keeping in view the long term benefits of sustained weed management program, 
studies have been proposed to investigate competition, allelopathic interaction and control 
of P. hysterophorus in maize. This study aimed to achieve the following objectives: 
1. To study allelopathic effect of parthenium plant and its rhizospheric soil on 
germination and seedling growth of maize. 
2. To find out the economic threshold level of parthenium in maize crop.  
3. To determine critical parthenium-maize competition period. 
4. To evaluate bio-herbicidal potential of some herb and tree species against 
germination and seedling growth of parthenium. 
5. To screen suitable herbicides for effective control of parthenium in maize. 
The fulfillment of these objectives will provide useful information to Weed Scientists, 
Agronomists, Maize growers as well as Agri. extensionists for long term, sustainable and 
effective parthenium management programme in maize crop within the country.  
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CHAPTER 2 
REVIEW OF LITERATURE 
 
Reduction in crop yield due to presence of weeds is the result of combined effect 
of competition for common growth factors as well as allelopathic inhibition. Weeds, in 
addition to competing with crop plants for water, nutrients, light and space (Anderson, 
1983) also release variety of phytotoxic compounds called allelochemicals from their 
living or dead body having growth suppressive effects (Zimdahl, 2007). Phyto-inhibitory 
effects of parthenium on maize (Zea mays L.) have been noted in a number of allelopathic 
studies carried out in laboratory conditions. However, little information is available 
regarding its effect on growth and yield of maize under field conditions. Moreover, no 
study has yet been carried out to estimate its economic threshold level, and critical period 
of competition in maize elsewhere in world. Parthenium is an on-coming threat to crop 
production in Pakistan. Therefore, there is need to conduct research to find out sustained, 
cost-effective and eco-friendly management of this weed. In this chapter previous 
research findings in this regard are presented. 
2.1. Allelopathy 
Allelopathy is the deleterious interaction between two organisms or cell types 
allogeneic to each other. It is chemical mean used by plants to prevent other plants from 
growing too closely (Kim and Shin, 1998). Allelochemicals are secondary metabolites 
synthesized by almost all plants but do not have a direct role in their growth, development 
and reproduction (Bertin et al., 2003).  Therefore their clear function within plants is a 
subject of little bit controversy. However, it is speculated that these toxic substances may 
be a part of defense system against herbivory. In most of the cases, these allelochemicals 
showed phytotoxic inhibitory action at their higher concentration whereas neutral or 
sometimes promotive action at lower concentration against targeted species (Chung and 
Miller, 1995). Allelochemicals are present in various plant organs including leaves, fruits, 
flowers, roots, stem, rhizomes and seeds in different concentrations (Tinnin and Muller, 
2006). These are bio-synthesized in plants through shikimate and acetate pathways (Wang 
et al., 2006). It has also been proved that allelochemicals' production within plant is 
largely affected by its growing conditions including both soil and climate (Peng et al., 
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2004). Their greater amounts have been shown under nutrient, water and high light stress 
conditions (Putnam, 1983).  
According to their structure and functions, allelochemicals are usually classified 
into water soluble organic acids, aldehydes, ketones and alcohols; polyacetylenes and 
long-chain fatty acids; terpenoids (sesquiterpene lactones, diterpenes, and triterpenoids) 
and steroids; flavonoids; phenolics; cinnamic acid and its derivatives; coumarins; simple 
unsaturated lactones; quinines; and tannins (Rice, 1984). Phenolics are most important 
and biochemically active class allelochemicals which have greater applicability in the 
agro-ecosystems. These are chemical compounds characterized by a hydroxyl group (-
OH) directly bonded to an aromatic hydrocarbon. These include simple aromatic phenols 
and substituted benzoic acids (Zeng et al., 2008). Allelochemicals affect numerous 
biochemical reactions and physiological functions including seed germination, cell 
division, cell elongation, membrane permeability and ion uptake (Setia et al., 2007). The 
detrimental effects of allelochemicals are more pronounced on seed germination and 
seedling growth (Bogatek et al., 2006). Visual symptoms of allelochemicals in recipient 
plant include slower and lower germination rates, darkening and swelling of germinating 
seeds, reduction in root and shoot growth, swollen root tips with necrotic tissue, twisting 
of the root axis, loss of root hair, numerous seminal roots, less biomass production and 
despaired reproductive ability (Rice, 1979). However, to exert an inhibitory phytotoxic 
action, concentration of a single allelochemical is considered usually below its threshold. 
Therefore, a number of such substances have to act in a synergistic way to cause an 
allelopathic interference. 
Allelochemicals' mode of entry into environment plays an important role in 
expression of their phytotoxic activity (Zimdahl, 2007). They may be discharged from 
donor plant into its surroundings by means of various ecological processes which include 
leaching, volatilization, root exudation and decomposition. Therefore, their escape into 
environment may be as leachates from plant foliage or litter, volatiles from aerial plant 
parts, exudates or sloughed out tissue from roots, or decomposition products from dead 
plant remains (Steeghs et al. 2004). Through root exudation allelochemicals are deposited 
into rhizosphere (Kobayashi, 2004). According to an estimate, 30% of plant's synthesized 
products are utilized in the production of root exudates, which influence localized soil 
environment (Bertin et al., 2003). Biosynthesis and discharge of allelochemicals from 
root cells into the soil are associated with cellular transport system which in turn is 
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affected by plant's growing conditions particularly stress factors (Weston et al., 2012). 
Allelopathic phenomenon in soil is further intricated by soil conditions as availability, 
movement and uptake of allelochemicals are strongly linked with soil physical and bio-
chemical properties (Kobayashi, 2004). Vidal et al. (1998) concluded that 10 to 40% of 
phenolic compounds applied to soil were tightly adsorbed to soil colloidal complex 
resulting in their overall reduced phytotoxic activity.  
Allelopathic interference acts as a potential weapon in establishment of invasive 
weeds in any new region of the world. Plants with strong allelopathicity dominate other 
plant species in its environment by disrupting the growth of other plants via release of 
allelochemicals (Rice, 1979). Similar is the case with Parthenium hysterophorus which 
releases wide variety of allelochemicals with potential to inhibit germination and growth 
of other plants. The stronger allelopathic potential of this weed enabled it to become a 
successful invader in many regions of the world. Phytotoxic effects of parthenium, its 
residues and rhizospheric soil are mainly due to presence of sesquiterpene lactone 
particularly parthenin and coronopilin, and phenolics like caffeic, vanillic, ferulic, 
chlorogenic and anisic acids (Swaminathan et al., 1990; Saxena, 1991; Stephen and 
Sowerby, 1996; Singh et al., 2003; Batish et al., 2007; Reinhardt et al., 2009). However, 
sesquiterpene lactones and phenolics are produced in higher concentration in leaves, 
flowers and achenes than in stem and roots (Tefera, 2002; Reinhardt et al., 2004) and 
these two synergistically acting groups of allelochemicals significantly decrease the seed 
germination and subsequent seedling growth of different crops (Kohli et al., 1985; Singh 
et al., 2003; Batish et al., 2005). In another study, Ambiye and Golatkar (2010) found 
tannins, saponins, cardiac glycosides and steroids in aerial parts of parthenium while 
terpenoids are also released as vapors from leaves and flowers. 
 Previous bioassay studies have shown the negative allelopathic effects of various 
plant parts of parthenium on germination and growth of maize and other crops such as 
wheat (Triticum aestivum L.), ryegrass (Lolium multiflorum Lam.), soybean (Glycine 
max L.), cotton (Gossypium hirsutum L.), haricot bean (Phaseolus vulgaris L.), sorghum 
(Sorghum vulgare Pers.), arhar (Cajanus cajan L.), green gram (Vigna radiate L.), black 
gram (Vigna mungo L.), ground nut (Arachis hypogaea L.), sunflower (Helianthus 
annuus L.), lettuce (Lactuca sativa L.) and pearl millet (Pennisetum glaucum L.) (Mersie 
and Singh, 1987; Sajjan and Pawar, 2005; Gupta, 2008; Kumar and Gautam, 2008; 
Wakjira et al., 2009; Kumar and Kumar, 2010; Dhole et al., 2011; Netsere and Mendesil, 
28 
 
2011; Parthasarathi et al., 2012; Rajiv et al., 2013). In most of the studies, its leaf and 
flower were proved to be more phytotoxic than its stem and root (Tefera, 2002; Wakjira 
et al., 2005; Marwat et al., 2008; Khan et al., 2011, Gella et al., 2013) and their aqueous 
extracts at higher concentrations were proved to have more allelopathic action compared 
with their lower concentrations (Kumar and Gautam, 2008; Devi and Datta, 2012; 
Demissie et al., 2013). However, the degree and nature of inhibitory response is crop 
specific and varied with parthenium plant parts and concentrations.  
 Parthenium flower and leaf extracts with 1 to 10% (w/v) concentration were more 
phytotoxic to root growth than shoot growth of maize, ryegrass, soybean, rice (Oryza 
sativa L.) and Eragrostis tef (Mersie and Singh, 1987; Tefera, 2002; Maharjan et al., 
2007). Sajjan and Pawar (2005) noted that leaf extract showed more phytotoxic activity 
against pearl millet, sunflower and soybean compared with stem extract. Netsere and 
Mendesil (2011) concluded that among plant parts of P. hysterophorus, flower extract 
exerted more potent suppressive action against germination and seedling growth of 
soybean (Glycine max L.) and haricot bean (Phaseolus vulgaris L.) followed by its leaf, 
stem and root extracts. They observed that aqueous extract of flower at all concentrations 
(5, 10 and 15%), leaf extract at 10 and 15%, shoot and root extracts only at higher (15%) 
concentrations were able to cause 100% germination inhibition in both crops. 
Furthermore, reduction in root growth of these crops was more than their shoot growths. 
The highest allelopathic inhibitory effects of leaf aqueous extract (at 1 g/ml w/v 
concentration) of parthenium against germination and seedling growth of wheat were also 
observed by Gella et al. (2013). They mentioned higher reductions in germination (22%) 
and plumule length (60%) by parthenium leaf extract whereas higher reduction (78-90%) 
in radicle length by both its leaf and stem extracts. 
 However, in few studies, contrasting results were observed with respect to 
comparison among allelopathic action of various plant parts of parthenium in other crops. 
In a study, parthenium leaf extract only at its higher concentration [15% (w/v)] resulted in 
significant reduction in root biomass (74%) of maize; and germination (26%), shoot 
length (52%) and shoot biomass (36%) of mungbean compared with distilled water 
treated control (Shabbir and Javaid, 2010a and 2010b). Similarly, Gupta (2008) noticed 
that among aqueous extracts of different plant parts of parthenium, maximum and 
minimum inhibitory effects on germination of Cajanus cajan were shown by its stem and 
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root extracts, respectively. He detected the highest phenolic contents in basal plant parts 
whereas the lowest in leaves.  
Singh and Sangeeta (1991) noted that germination and seedling growth inhibition 
was more pronounced in pulses than in cereals in response to aqueous extracts of 
parthenium. A very few studies revealed that aqueous extracts of parthenium root also 
showed significant inhibitory action against germination, shoot growth and root growth of 
maize, barley (Rashid et al., 2008) and rice (Krishna et al., 2007) in addition to aqueous 
extracts from aerial plant parts. Parthasarathi et al. (2012) found that germination and 
seedling growth inhibition was more in green gram (V. radiata) compared with black 
gram (V. mungo) and ground nut (A. hypogaea) in response to aqueous leaf extracts of P. 
hysterophorus as its seeds were completely failed to germinate with application of lower 
concentration (30 g L-1) extract. Moreover, phytotoxic effects were more pronounced on 
root growth than shoot growth of test crops. Among mungbean, soybean and maize, 
soybean was proved to be more tolerant to parthenium phytotoxicity compared with 
maize and mungbean (Khan et al., 2011). Similarly, Sajjan and Pawar (2005) 
demonstrated that pearl millet was more resistant to deleterious action of 5 and 10 % 
(w/v) aqueous extracts of parthenium leaf and stem compared with sunflower and 
soybean. 
 Kumar and Gautam (2008) depicted growth enhancing effects of parthenium leaf 
extracts at their lower concentration whereas growth inhibitory effects with their higher 
concentrations on sunflower (Helianthus annuus). Up to 26% reduction in germination 
whereas 17 to 52% and 26 to 36% reductions in shoot length and shoot biomass, 
respectively of green gram by applying aqueous extracts with different concentrations (5, 
10 and 15% w/v) derived from parthenium shoot were identified by Shabbir and Javaid 
(2010b). However, they noticed that root growth of mungbean was enhanced by 
application of these extracts compared with distilled water treated control. Khan et al. 
(2011) reported significant reductions in germinations and seedling growths of soybean, 
mungbean and maize by aqueous leaf extracts of parthenium with 25 g L-1 and 50 g L-1 
concentrations. Devi and Datta (2012) found that aqueous leaf extracts of parthenium 
with 2, 4, 6, 8 and 10% (w/v) concentrations have ability to suppress germination and 
seedling growth of maize. However, maximum inhibitory effects (49% reduction in 
radicle and 42% reduction in plumule lengths) were caused by 10% extract. Demissie et 
al. (2013) concluded that aqueous extracts of  parthenium root , shoot and leaves only at 
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their higher concentration (16 mg / 400 ml) were able to cause significant reductions in 
rate of germinations and seedling elongations of  onion (Allium cepa) and bean 
(Phaseolus vulgaris). Moreover, about 50% reduction was noted in seedling biomass of 
these crops at above stated concentration.  
 At some instances, it has been revealed that instead of inhibiting germination and 
growth, parthenium showed growth promotive action in some crops. This is especially 
true when its aqueous extracts with very low concentration (Kumar and Gautam, 2008) or 
composted plant material (Wakjira et al., 2009; Rajiv et al., 2013) are used. Srivastava et 
al. (2011) observed that germination and seedling growth were enhanced by application 
of aqueous extracts from various fresh plant parts of parthenium in cowpea. The 
stimulatory effect was more by root and stem extracts whereas less by leaf and flower 
extracts of this weed. On contrary, an inclined decrease in phytotoxic inhibition by 
decomposition of parthenium plant on germinations and seedling growths in lettuce and 
ground nut were noted by Wakjira et al. (2009) and Rajiv et al. (2013). They found 93, 
95, 97 and 93% reductions by fresh parthenium plant material whereas 0, 33, 35 and 43% 
reductions in germination percentage, germination speed and root and shoot lengths, 
respectively of lettuce by parthenium plant material decomposed for a period of 60 days. 
Significant reductions in germination, and radicle and plumule lengths of pearl millet, 
sunflower and soybean by applying 5 and 10 % (w/v) aqueous leaf and stem extracts of 
parthenium prepared at cold, warm and room temperature conditions were observed by 
Sajjan and Pawar (2005). They also noted that extracts prepared under cold conditions 
were proved to be more detrimental than others.  
2.2. Weed-crop competition: 
For the cost-effective management of parthenium in any crop, its critical threshold 
level and period of competition in that crop should be well-known. Since weed 
competitiveness in a crop is dependent on its density and duration, two important aspects 
of weed-crop competition are critical threshold level and critical period of competition 
(CPC). Critical threshold level is the lowest density of a weed that causes a significant 
crop yield loss whereas CPC is the crop growth period during which presence of a weed 
causes significant yield losses (Nazir, 1994).   
Usually, weed competition for longer period of time caused considerable yield 
reduction in maize. The presence of mixed weed flora within maize crop for a period of 2-
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5 weeks after crop emergence resulted in its maximum yield reduction (Dalley et al., 
2006). Previous literature reveals that very few parthenium competition studies have been 
carried out in arable crops. However, studies so far been conducted have shown different 
critical parthenium-crop competition periods and threshold levels in sorghum (S. bicolor), 
arhar (C. cajan), black gram (V. mungo), common bean (P. vugaris), soybean (G. max), 
pepper (Piper nigrum L.), onion (Allium cepa L.), garlic (Allium sativus L.) and tomato 
(Lycopersicon esculentum Mill.).  
Parades and Labrada (1986) found that in direct seeded tomato, 1 parthenium 
plant per m2 is the critical threshold and parthenium competition for 20 days after crop 
emergence is critical period of this weed. However, in pepper (transplanted), critical 
threshold and critical period of parthenium competition as noted by them were 1 to 2 
plants per m2 and 60 days after transplanting, respectively. Values of economic threshold 
level and competition period of parthenium are 4 plants per m2 and 15-30 days after crop 
emergence in soybean (Labrada and Morales, 1986), 2 plants per m2 and 20 days after 
tansplanting in onion (transplanted) whereas 1 plant per m2 and 15 days after crop 
emergence in garlic (Paredes et al., 1990). Tamado et al. (2002) reported that initial 19 to 
69 days of crop emergence is the critical weed crop competition period in sorghum, 
whereas this period is 30 to 60 days after sowing in arhar (Cajanus cajan L.) as noted by 
Vivek et al. (2003). In black gram (Phaseolus mungo), during first 30 to 45 days after 
crop sowing, presence of this weed caused considerable yield losses, therefore considered 
important for control of this weed (Vivek et al., 2008). However, fully uncontrolled 
parthenium weedy conditions throughout crop growth periods resulted in 40 to 95% grain 
yield losses in sorghum while 33% and 67% seed yield losses in arhar and black gram, 
respectively.   
Morales-Payan (2000) reported that parthenium at a density of 0 to 6 plants per m2 
decreased tomato (transplanted) plant biomass and yield up to 63%. However, tomato 
plant height was non-significantly influenced by increasing parthenium plant population. 
In sorghum, parthenium density of 3 plants per m2 resulted in 69% grain yield reduction 
hence considered economic threshold level (Tamado et al., 2002). Woldesenbet (2012) 
revealed that due to presence of 3 to 21 parthenium plants in common bean (Phaseolus 
vulgare L.), seed yield was reduced by 16.5 to 86.5% from control where no weed was 
allowed to grow. Along with seed yield, crop stand, number of pods per plant, seeds per 
pod and 100-seed weight were also reduced. 
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2.3. Parthenium management through plant extracts 
Use of synthetic herbicides for weed control is known to be most quick, efficient 
and effective technique. Yet their consistent and heavy usage involves number of 
ecological and social issues. Use of very high or low herbicide dosage, non-targeted 
herbicide application, spray at inappropriate growth stages and non-favorable weather 
conditions result in accumulation of toxic compounds into soil and water, more prolific 
weed buildup and herbicide resistance development in weeds (Rola et al., 2007). To cope 
with the situation, strategies should be proposed to minimize their use. A potential 
approach in this regard is the use of liquid extracts of various plants alone or in 
combination with synthetic herbicides for the bio-efficacious, environment friendly and 
cost-effective management of weeds. These extracts contain variety of allelochemicals 
such as phenolics, terpenoids, alkaloids, coumarins, tannins, flavonoids, steroids and 
quinines (Xuan et al., 2005). At global level, several products based upon compounds 
extracted from higher plants have now been launched in market by various multinational 
companies. Some of those products have been widely used as for controlling weeds in 
crops and waste lands. A few examples of such are Cineole as Cinmethylene by Shell, 
USA; Benzoxazinones and Quinolinic acid by BASF, Germany; and Letospermones as 
Triketones by Zeneca, UK (Xuan et al., 2006).  
 Some of the allelopathic compounds extracted from plants which have been 
potentially explored as bio-herbicides include Glucosinolates and Isothiocyanates isolated 
from mustard (Brassica sp.) and garden radish (Raphanus sativus), Sorgoleone from 
sorghum (S. bicolor), Momilactone from rice (Oryza sativa L.) and moss (Hypnum 
plumaeform), Artemisinin from annual wormwood (Artemisia annua L.), Leptospermone 
from bottle brush (Callistemon citrinus) and manuka (Leptospermum scoparium J.R., G. 
Forst), Essential oils from eucalyptus (Eucalyptus sp.) and Sarmentine from pepper (Piper 
sp.) (Soltys et al., 2013). Several of them have modes of action similar to those of 
synthetic herbicides. That is why; these have greater potential to be used as bio-herbicides 
as an important part of integrated weed management program (Vyvyan, 2002). Despite its 
wider scope, this area of study is least explored and require intense interest of scientists, 
stake holders and farmers. Allelochemicals are very attractive as new classes of 
herbicides. There are number of environmental and economic advantages of using them 
for controlling weeds in agro-ecosystems. Most of allelopathic substances are fully or 
partially soluble in water therefore they are easy to apply without surfactants (Dayan et 
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al., 2009). They are environment friendly due to less half life and less residual effect on 
non-target organisms. These properties are on account of their chemical structure which 
possess more oxygen and nitrogen atoms and no halogens. Use of these allelopathins does 
not involve risk of herbicide resistance development in weeds due to their multi-site of 
action system in plants (Nimbal et al., 1996). In addition to their direct use as herbicides, 
these natural plant products can act as templates (lead structures) for discovery of new 
herbicidal compounds (Duke et al., 2000).  
2.3.1. Liquid extracts of herbs / crops against parthenium 
Studies have been carried out on various herbaceous plants to evaluate their 
herbicidal potential against parthenium. Liquid extracts of numerous herbs and grasses 
have been found to be effective in controlling Parthenium. Some of them that have 
allelopathic action against this weed include spiny amaranth (Amaranthus spinosus L.), 
pygmy groundcherry (Physalis minima L.), foetid cassia (Cassia tora L.), ban tulsi 
[Croton bonplandianum (Baill)], java aerva (Aerva tomentosa Forssk.), sessile joyweed 
(Alternanthera polygonoides L.), common cocklebur (Xanthium strumarium L.), 
cogongrass [Imperata cylindrica (L). P. Beauv.], jilda [Desmostachya bipinnata (L.) 
Stap)], ringed dichanthium [Dicanthium annulatum (Forssk.) Stapf], cloncurry (Cenchrus 
pennisetiformis Hochst. & Steud.) and Johnsongrass [Sorghum halepense (L.) Pers.]  and 
African marigold (Tagetes erecta L.) (Swain et al., 2004; Sinha Nawalesh and Singh, 
2004; Swain et al., 2005; Singh et al., 2005a; Thapar and Singh, 2006; Prasad et al., 
2006; Javaid and Anjum, 2006; Anjum et al., 2006; Javaid et al., 2006; Quazi and Khan, 
2010; Shafique et al., 2011).  Another beneficial aspect of identifying killer plants against 
a weed through allelopathic studies is using them in competitive exclusion of that specific 
weed, e.g. Kumari et al. (2010) carried out pot-cultured and field experiments and 
concluded that pignut [Hyptis suaveolens (L.) Poit.] and oneleaf senna [Senna uniflora 
(Mill.) Irwin & Barneby] have ability to cease the growth of parthenium through their 
allelopathic interference when grown along with it under natural conditions.  
 Javaid et al. (2010) studied the effect of liquid extracts of devil's trumpet (Datura 
metel L.) root and shoot with 5, 10, 15 and 20% w/v (plant fresh weight) concentrations 
on parthenium and revealed that they markedly inhibited its germination and seedling 
growth. However, phytotoxic effect of shoot extracts was more than root extracts. 
Furthermore, liquid shoot extract of 10% w/v (on dry weight bases) concentration 
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significantly reduced root and shoot lengths and biomasses of parthenium seedlings in 
foliar spray bioassay. Suppression of germination and early seedling growth of 
parthenium by root and shoot aqueous extracts of three allelopathic grasses [Johnsongrass 
(S. halepense), ringed dichanthium (D. annulatum) and cloncurry (C. pennisetiformis)] 
have been reported by Javaid and Anjum (2006). However, 20% shoot and 25% root 
extracts of C. pennisetiformis showed 100% inhibition of P. hysterophorus germination. 
Moreover shoot extracts were proved to be more inhibitory than root extracts. 
 Shafique et al. (2011) evaluated herbicidal potential of shoot, root, flower 
and soil aqueous extracts of an ornamental plant African marigold (T. erecta) against 
parthenium. It was proved that aqueous extracts of aerial parts and rhizospheric soil with 
2, 4, 6, 8 and 10% (on fresh weight bases) concentrations gave more pronounced 
inhibitory effect against germination whereas 10% w/v (on dry weight bases) aqueous 
extracts from aerial plant parts showed maximum seedling growth reduction of P. 
hysterophorus in terms of reduced root and shoot lengths and biomasses. Phytotoxic 
ability of another species of genus Tagetes, namely Mexican marigold (Tagetus minuta 
L.) against parthenium was also noted by Kapoor and Srivastava (2013). They 
demonstrated that aqueous root extracts of T. minuta at their 50 and 100 % concentrations 
caused significant reductions in parthenium seed germination percentage (34 to 84%), 
seedling length, seedling vigour index (42 to 96%), seedling biomass, chlorophyll content 
(21 to 61%) and protein content (22 to 70%) compared with distilled water treated 
control. Further, it was also noticed that by increasing their concentration, soaking time 
and exposure period, deleterious action of these extracts against parthenium also 
increased. Moreover, roots of T. minuta collected at flowering stage showed more 
phytotoxicity than those obtained at vegetative stage may be due to the more 
accumulation of allelochemicals. 
 Anjum et al. (2006) concluded that aqueous plant extracts of cogongrass (I. 
cylindrica) had phytotoxic ability against parthenium. They demonstrated significant 
reductions in germination and seedling growth of parthenium by applying root and shoot 
extracts of I. cylindrica with concentrations varying from 5 to 25% (w/v). However, 
significant reduction in early seedling growth of parthenium was observed by foliar 
application of aqueous extracts with or higher than 10% concentration. They further 
proved shoot extract to be the more potential phyto-inhibitory compared with root extract. 
Knox et al. (2010 and 2011) found that among four allelopathic plants, viz. coffee senna 
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(Cassia occidentalis Linn.), toothed dock (Rumex dentatus L.), roostertree [Calotropis 
procera (Aiton) W.T. Aiton] and Indian ginseng [Withania somnifera (L.) Dunal.], C. 
occidentalis and R. dentatus showed more promising inhibitory results against 
germination and seedling growth of parthenium. The most potent phytotoxic suppressive 
action on biochemical activities and mortality percentage of parthenium was exhibited by 
100% concentrated aqueous extract of C. occidentalis shoot soaked for a period of 9 days, 
which was followed by that of R. dentatus. Their toxicity showed period and dose 
dependent response.  
 Banerjee and Pandey (2013) put eleven plant species to screening for their 
allelopathic inhibitory effects against germination and seedling growth of parthenium and 
found foetid cassia (C. tora) and lantana (Lantana camara L.) to be more phytotoxic 
against this weed. They noted 85% and 80% germination inhibition and 79% and 78% 
reduction in seedling growth of parthenium by application of 5% aqueous leaf extracts of 
C. tora and L. camara, respectively. In another bioassay study, Mishra (2013) showed 
that foliar spray of L. camara aqueous leaf extracts with 50% concentration caused 
maximum reductions in shoot growth (52%) and root growth (53.2%) of parthenium 
plants at their fruiting stage. He also indicated that the post-emergence phytotoxic 
potential of L. camara aqueous leaf extract against parthenium increased with increasing 
concentration.  
 Kapoor (2011 and 2012) revealed that pignut (H. suaveolens) have considerable 
potential to control parthenium as shown by its leaf residues and leaf leachates. Both fresh 
and dry leaf leachates of H. suaveolens at their 50% and 100% concentrations caused 
significant reductions in parthenium seed germination, and seedling chlorophyll and 
protein contents along with chlorosis, necrosis and death of parthenium seedlings. 
Allelopathic action of these extracts increased with increasing their concentration, 
soaking time and period of exposure. Moreover, phytotoxicity of dry leaf extracts was 
more pronounced than shown by fresh leaf leachates due to presence of higher 
concentration of allelochemicals (Kapoor, 2012). In a pot-cultured bioassay studies, 
Kapoor (2011) mixed dry leaf residue (powder of dried leaves) of H. suaveolens at 100 
and 200 grams/pot in soil and proved that reduction in growth of 60 days old parthenium 
plants was due to decrease in their chlorophyll, sugar, protein and lipid contents. He also 
mentioned that deposition of organic acids was a signal that respiration process had been 
hindered in test plant and increase in the amino acids might be the adaptation strategy of 
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Parthenium to avoid environmental stress generated by the allelochemicals present in leaf 
residues of H. suaveolens. 
 Some allelopathic crops have also been proved to be a good source of herbicides 
for effective parthenium management. Javaid et al. (2006) observed that aqueous extracts 
of sunflower (H. annuus), sorghum (S. bicolor) and rice (Oryza sativa L.) have phytotoxic 
ability against germination and growth of parthenium. They also noticed that germination 
and root growth of parthenium were more sensitive than its shoot growth and seedling 
biomass as they were significantly reduced at relatively lower concentrations of shoot and 
root extracts of these crops. Sorghum and sunflower extracts at their 50 and 100% 
concentrations were proved to be more potent in reducing root and shoot biomass as 
assessed through their foliar spray bioassay. 
2.3.2. Liquid extracts of trees and shrubs against parthenium 
 Trees have strong allelopathic interference as most of the tree species growing in 
agroforestry agricultural system showed detrimental effects on companion food and 
fodder crops by their leaves and litter (Rizvi et al., 1999). A number of trees and shrubs 
have been found to contain allelochemicals in their leaves which have ability to suppress 
germination and growth of other plants. Therefore their leaf extracts could be used along 
with low doses of herbicides for economical and environment friendly weed management 
in various crops. Khaliq et al. (2012) employed three multipurpose trees', i.e. eucalyptus 
(Eucalyptus camaldulensis Dehnh.), mango (Mangifera indica L.), and mulberry (Morus 
alba L.) water extracts, tank mixed along with 50 and 75% reduced bispyribac-sodium 
doses for weed control in direct seeded rice. Astonishing results were obtained with 50% 
reduced herbicide doses along with aqueous leaf extracts of these trees as it gave higher 
weed control, rice yield and quality. However, cultivation economics was better in case of 
75% reduced herbicide dose. 
 Allelochemical composition and phytotoxic inhibition by aqueous extracts of 
Chinese data (Ziziphus jujuba L.), Java plum (Eugenia jambolana Lam.), castor bean 
(Ricinus communis L.) and Indian jujube (Ziziphus mauritiana L.) have been widely 
studied (Jiang et al., 2007; Sultana et al., 2007; Mahajan and Chopda, 2009; Ugwoke and 
Ezugwe, 2010; Ram and Agarwal, 2011; Memon et al., 2012). The phytotoxic potential 
of these trees and shrubs should be exploited for the bio-efficacious management of 
Parthenium hysterophorus L. 
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 Foliar extracts of neem tree (Azardirachta indica Juss.) and forest red gum 
(Eucalyptus tereticornis Sm.) at their 50% and 100% concentrations performed the best 
among other species for reducing germination and imparting seedling phytotoxic damage 
in parthenium as assessed through petri plate and pot based bioassays (Satsangi et al., 
2002; Gupta, 2008; Knox et al., 2010). They proposed that aqueous leaf extracts of these 
trees are best means of controlling parthenium especially at their higher concentrations. 
Biological suppression of parthenium by aqueous leaf extracts of neem tree (A. indica), 
Chinaberrytree (Melia azedarach L.), Banyan tree (Ficus benghalensis L.), mango 
(Mangifera indica L.) and Java plum [Syzygium cumini (L.) Skeels] at their variable 
concentrations was also studied by Shafique et al. (2005). Ficus benghalensis and M. 
indica were proved to be more phytotoxic against germination whereas M. indica, S. 
cumini and F. benghalensis against seedling growth of parthenium. They demonstrated 
that aqueous leaf extracts of all these trees at their higher [8 and 10% (w/v)] 
concentrations whereas those of F. benghalensis and M. indica at their 2% concentration 
significantly inhibited parthenium germination. Wakjira et al. (2011) investigated the 
phytotoxic action of aqueous leaf extracts of four tree species, viz., A. indica, M. 
azedarach, peacock flow [Albizia gummifera (J.F. Gmel.) C.A.Sm.] and Sesban [Sesbania 
sesban (L.) Merr.] on germination and seedling growth of parthenium. They found 
noticeable reductions in germination and seedling growth parameters of parthenium in 
petri plate and pot-culture studies. However, aqueous extracts with more concentrations 
showed more suppressive action and their effects were more dominant against parthenium 
radicle than its plumule growth especially in petri dishes compared with pots.  
 Javaid et al. (2010) revealed that germination of parthenium seeds was reduced up 
to 80 % when these were allowed to germinate in Petri plates lined with filter paper and 
moistened with aqueous leaf extracts of blackboard tree [Alstonia scholaris (L.) R.Br.] 
with concentration ranging from 2-10% w/v (on fresh weight bases). Further they also 
found significant reductions in shoot and root biomasses by foliar spaying of its leaf 
extracts with 100% w/v (on fresh weight basis) concentration. The highest phytotoxic 
suppressive action of A. scholaris among eleven plant species against germination and 
seedling growth of parthenium was also concluded by Banerjee and Pandey (2013). 
Mehmood et al., (2011) found phytotoxic influence of aqueous and n-hexane bark 
extracts of acacia gomifera [Acacia nilotica (L.) Delile] and Java plum (S. cumini) against 
germination and seedling growth of Parthenium hysterophorus as assessed by laboratory 
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and pot experiments. However, n-hexane extracts were proved to be more potent than 
aqueous extracts and S. cumini was found to show more phyto-inhibitory action than A. 
nilotica on parthenium. Significant reductions in parthenium germination (50%), shoot 
length (30 and 35%), root length (20 and 27%), seedling fresh weight (50 and 55%) and 
seedling dry weight (80 and 82%) were recorded in response to n-hexane extracts of A. 
nilotica and S. cumini, respectively.  
 Indian ginseng (W. somnifera), a perennial shrub was found to have strong 
phytotoxic potential against parthenium as assessed through petri plate and pot based 
laboratory studies by Javaid et al. (2011). They noted that its root and shoot aqueous and 
methanol extracts caused considerable inhibition in germination, root and shoot growth of 
parthenium. However, its shoot extracts were found to be more powerful inhibitors than 
root extracts. Moreover, W. somnifera shoot extracts with 10% (w/v) concentration 
showed maximum reductions in parthenium seedling length and biomass in foliar spray 
bioassay. In an attempt to study allelopathicity of wild almond tree (Sterculia foetida L.), 
Rani et al. (2011) isolated a cyclopropene fatty acid structurally revealed as (2n-
octylcycloprop-1-enyl)-octanoic acid (I) to be the potent phytotoxically active constituent 
of S. foetida seeds. They found that this compound showed action like contact herbicide 
when foliarly sprayed as it caused chlorosis and necrosis of parthenium. They also 
showed that acetone based crude extract derived from S. foetida seeds with 10, 75 and 
150 mg/L concentrations significantly reduced germination, shoot length and root length 
of parthenium. Jawahar et al. (2013) revealed growth inhibitory effects of eucalyptus oil 
on parthenium weed through laboratory, pot-cultured and field studies. However, seedling 
mortality and shoot growth of this weed showed concentration dependence response as 
severe damage to parthenium seedlings was found at 4 and 8 ppm, 40 and 50 ppm; and 50 
ppm eucalyptus oil concentrations in laboratory, pot and field experiments, respectively. 
They noted that significantly lower relative plant density (75.9 % less than control) could 
occur only at its higher concentration (50 ppm). Safdar et al. (2013) tested four tree 
species, viz. of Eugenia jambolana Lam., Ricinus communis L., Ziziphus jujuba L. and 
Ziziphus mauritiana L. for their pre-emergence and post-emergence herbicidal potential 
against parthenium through petri plate germination and pot-based foliar spray bioassays. 
They found that R. communis caused maximum reductions in germination percentage 
(79%), germination index (89%) and seedling biomass (88%) as well as maximum delays 
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in mean germination time (211%) and time to 50% germination (265%) of parthenium 
whereas Z. mauritiana in its seedling length (47%) and seedling vigour index (97%).  
2.4. Chemical control of parthenium 
The quick and effective control of parthenium is possible through synthetic 
herbicides. This weed is more susceptible to photosynthetic and pigment inhibitors as 
well as amino acid synthesis and glutamine synthase inhibitors than herbicides having 
other physiological actions. Moreover, post-emergence herbicides applied at initial 
growth phase (rosette stage) easily control it (Reddy et al., 2007). Numerous studies have 
so far been carried out regarding its chemical control in non-cropped and cropped areas.  
 Sharma (2003) reported that parthenium grown in non-cropped area was 
completely killed by application of metribuzin at 1000-1500 g ha-1 whereas same dose of 
glyphosate gave a 50-60% control over it. However, with spray of 2,4-D at 100 g ha-1 
only 40% control of this weed was recorded. In non-cropped area with mixed weed flora, 
glyphosate at 2.7 to 3.6 kg a.i. ha-1 gave better control of 90-100 cm tall parthenium plants 
compared with metribuzin, metsulfuron, atrazine, 2,4-D, chlorimuron and glufosinate 
(Singh et al., 2004). Khan et al. (2012) employed various herbicides, viz. atrazine at 1.0, 
bromoxynil+MCPA at 0.8, glyphosate at 4.0, s-metolachlor at 1.92; 2,4-D at 1.0, 
metribuzin at 2.0, triasulfuron+terbutryn at 0.3, atrazine+ s-metolachlor at 1.5 and 
pendimethalin at 1.5 kg a.i. ha-1 doses for parthenium control in non-cropped area. They 
found glyphosate and metribuzin to be the most effective against parthenium as they gave 
96% and 87% parthenium weed mortality at its rosette stage whereas 91% and 75% 
parthenium control at its bolting stage 4 weeks after treatment. They also mentioned that 
parthenium is more sensitive at early growth stages as its 90% control could be achieved 
2 days and 4 days after herbicide spray and its rosette and bolting stage, respectively.  
 Singh et al. (2004) pointed out that addition of adjuvants helped in reducing 
glyphosate dosage for effective control of parthenium in relatively shorter period of time. 
Glyphosate at 2.7 kg ha-1 with the addition of 0.1% v/v surfactant, labeled as MON 0818 
gave similar control of 90 to 100 cm tall parthenium plants as with its 5.4 kg ha -1 
application rate alone in non-cropped situation. A complete control of parthenium (96% 
mortality) at 6 to 8 leaf growth stage by 3 L ha-1 of glyphosate along with tank mixing of 
150 g of common salt and 150 g of urea within 4 weeks after treatment was also reported 
by Bekeko (2013). He pointed out that urea and common salt acted as adjuvants that 
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enhanced herbicidal efficacy and resulted in death of parthenium plants within shorter 
period of time. However, this treatment when applied at later growth stages of 
parthenium, i.e. at 50 and 75% flowering stage showed poor mortality rates (25 and 15%, 
respectively) of this weed. 
Under green-house conditions, a large number of herbicides were screened by 
Reddy et al. (2007) for their efficacy against parthenium. Among pre-emergence 
herbicides, the greatest performance was shown by norflurazon and clomazone which 
gave 100% control of this weed. These were followed by fluometuron, metribuzin, 
diuron, flumioxazin, chlorimuron and quinclorac which showed 96, 90, 87, 84, 77 and 
67% control as noted at 42 days after treatment. Among post-emergence herbicides 
applied at rosette stage, 93% parthenium control was given by glyphosate, glufosinate, 
chlorimuron and trifloxysulfuron whereas halosulfuron, MSMA, bromoxynil, 2,4-D, and 
flumioxazin were ranked at second position by achieving 58 to 90% control on this weed 
as observed 21 days after treatment. Javaid (2007) tested atrazine, ametryn+atrazine, 
bromoxynil+MCPA, butachlor and glyphosate against 35-56 days old pot-grown 
parthenium plants. He observed that all the herbicides successfully controlled this weed at 
their recommended as well as 3/4th, one-half and 1/3rd doses. However, 35 days old plants 
were more readily killed by them and bromoxynil+MCPA was the most effective among 
all herbicides used. An effective control of parthenium by glyphosate at 2.5 L ha-1 and 
glufosinate ammonium at 2.5-3.0 L ha-1 application rates has also been pointed out by 
Kathiresan (2008). Dennis (2012) concluded that saflufenacil gave more effective post-
burn down control of parthenium compared with glyphosate and identified different doses 
of saflufenacil which are effective for 90% control of parthenium at its various growth 
stages through green house and field studies. He recommended 8.9 g a.i. ha-1 of this 
herbicide at its rosette stage whereas 5.7 g a.i. ha−1 at its bolted stage which killed 90% 
parthenium plants at 14 days and 21 days after treatment.  
In sorghum, pre-emergence application of atrazine at 0.75 kg ha-1 gave better 
control of parthenium than pendimethalin at 1.0 kg ha-1 along with 90.8% increase in 
grain yield in comparison with weedy check (Tadesse et al., 2010). Tamado and Milberg 
(2004) made comparison among chemical, cultural and ecological control of parthenium 
with 2,4-D @ 1440 g a.i. ha-1 at eight leaf stage, two hoeings, and intercropping of 
cowpea as smoother crop, respectively in sorghum. They noticed that chemical weed 
control with 2,4-D gave inconsistent control of parthenium without significant increase in 
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grain yield probably due to re-emergence from soil seed bank. Whereas, hand hoeing was 
proved to be the most superior with best parthenium control along with higher grain yield 
due to improvement in soil physical characteristics also. 
Up till now, sufficient information is available regarding in vitro allelopathic 
inhibitory effects of parthenium in various crops including maize, yet little is known 
whether the phytotoxic response of maize to aqueous extracts of parthenium plant parts or 
its rhizospheric soil remains same or differ with parthenium growing at various farm 
locations. Liquid based plant extracts from different plant species have been widely tested 
for their herbicidal activity against parthenium. However there is need to evaluate some 
other herbs and trees in this regard. Probably no study has yet been conducted to optimize 
critical threshold and critical competition period of parthenium in maize.  Regarding 
chemical control of this weed, various herbicides have yet been found to be effective 
against parthenium as their pre- and post-emergence application. However, some new 
compounds also need to be tested against this weed. 
42 
 
CHAPTER 3 
MATERIALS AND METHODS 
 
 
3.1. Site and soil 
The proposed study was conducted in the Weed Science Laboratory and at the 
Agronomic Research Area (Latitude 31.25oN, Longitude 73.09o E and Altitude 184.4 m),    
Department of Agronomy, University of Agriculture, Faisalabad, Pakistan during 2012 
and 2013. 
The soil of the experimental site belongs to Layallpur soil series (Aridisol- fine- 
silty, mixed, hyperthermic Ustalfic, Haplargid in USDA classification and Haplic 
yermosols in FAO classification scheme). The physico-chemical analyses of the soil were 
carried out before sowing of crop each year (Table 3.1). 
3.2. Meteorological Data 
 Monthly precipitation, relative humidity, minimum and maximum temperature 
during the growing seasons of  2012 and 2013 were obtained from Agricultural 
Meteorology Cell (Department of Crop Physiology, University of Agriculture, 
Faisalabad, Pakistan) situated near the experimental field (Table 3.2 and 3.3). 
3.3. Experiments and treatments 
 Two laboratory and three field experiments were carried out to study interference 
and management of Parthenium hysterophorus L. in maize (Zea mays L.) at Weed 
Science Laboratory and Students’ Farm, Department of Agronomy, University of 
Agriculture, Faisalabad, Pakistan. Detailed procedures for different experiments are as 
follows. 
LABORATORY EXPERIMENTS:  
3.4. Experiment No 1: Allelopathic effect of Parthenium hysterophorus L. on 
germination and seedling growth of maize (Zea mays L.)  
This experiment was carried out in two phases: 
Phase-I: Effect of aqueous extracts of various plant parts of parthenium uprooted 
from various farm locations on germination and seedling growth of maize  
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Table 3.1: Physico-chemical analysis of experimental soil at University of 
Agriculture Faisalabad (UAF), Pakistan. 
Characteristic Unit 
Year 
2012 2013 
15cm 30 cm Mean 15 cm 30 cm Mean 
Soil pH    - 7.8 7.8 7.8 8.0 8.1 8.1 
EC dS m-1 0.60 0.48 0.54 0.62 0.57 0.60 
Organic 
matter 
% 0.71 0.49 0.60 0.71 0.45 0.58 
Total 
Nitrogen 
% 0.041 0.037 0.039 0.051 0.038 0.089 
Available P ppm 7.9 7.0 7.45 7.0 6.4 6.70 
Available K ppm 210 240 225 190 210 200 
Texture    -               Sandy clay loam             Sandy clay loam 
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Table 3.2: Meteorological data of UAF for the growing period of crop in 2012 
Month 
Temperature (0C) Relative 
Humidity 
(%) 
Total 
Rainfall 
(mm) Max. Min. Mean 
July 39.1 27.0 33.0 59.2 45.4 
August 36.2 26.4 31.3 65.0 38.5 
September 33.1 23.6 28.3 75.0 163.5 
October 30.2 16.2 23.2 64.3 11.5 
November 24.8 10.8 17.8 73.0 0 
Total  258.9 
 
Source: Agricultural Meteorology Cell, Department of Crop Physiology, University of 
Agriculture, Faisalabad. Pakistan. 
 
 
 
Table 3.3: Meteorological data of UAF for the growing period of crop in 2013 
Month 
Temperature (0C) Relative 
Humidity 
(%) 
Total 
Rainfall 
(mm) Max. Min. Mean 
July 37.4 28.6 33.0 58.5 4.7  
August 35.3 27.2 31.3 65.6 114.8 
September 36.2 25.4 31.0 53.7 3.3 
October 32.9 21.3 27.1 54.0 0 
November 26.1 11.8 19.0 59.4 0.5  
Total     123.3 
 
Source: Agricultural Meteorology Cell, Department of Crop Physiology, University of 
Agriculture, Faisalabad, Pakistan. 
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Factor A:  Location 
Treatments 
   L1 =  Near water channel  
   L2 =  Field edge  
   L3 =  Near water pond  
Factor B: Plant part 
Treatments 
   E0 =  Distilled water treated control 
   E1=  Root extract  
   E2 =  Stem extract 
   E3 =  Leaf extract  
   E4 =  Fruit extract 
   E5 =  Whole plant extract 
Phase-II:  Effect of parthenium infested soil from various farm locations on 
germination and seedling growth of maize  
TREATMENTS: 
   L0 =  Soil from vegetation free site (Control)  
   L1 =  Soil underneath parthenium growing near water channel  
   L2 =  Soil underneath parthenium growing at field edge  
   L3 =  Soil underneath parthenium growing near water pond  
 
 Parthenium plants at their maturity were uprooted from various locations of farm 
in April 2012. Soils beneath them were also collected. Plants were subjected to initial 
drying at room temperature and then oven-drying at 70oC for 48 hours. The dried plants 
were separated into roots, stems, leaves and fruits and their aqueous extracts were derived 
by immersion in distilled water for a period of 24 hours at room temperature (30oC±4) 
with ratio of 1:20 w/v (herbage: water) (Hussain and Gadoon, 1981). Aqueous extracts of 
different plant parts were obtained by filtering the mixture through ASTM 40 mesh sieve 
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and then through Sartorious Minisart syringe filters of 0.45 µm pore size. Soil samples 
from various parthenium- infested sites were also sieved through ASTM 25 mesh sieve 
before using for soil-bioassays.  
 Aqueous extracts used in study were initially subjected to analyses for their 
biochemical characteristics. The pH and EC of each extract were determined with pH 
meter (JENWAY 3510 pH Meter) and EC meter (JENWAY 3510 conductivity meter). 
Total soluble phenolics were determined as described by Randhir and Shetty (2005) and 
were expressed as gallic acid equivalents. For identification and quantification of their 
suspected phytotoxins, aqueous extracts were chemically analyzed on Shimadzu HPLC 
system (Model SCL-10A, Tokyo, Japan). The peaks were detected by UV detector. 
Standards of suspected phytotoxins (Aldrich, St Louis, USA) were run similarly for their 
identification and quantification. Concentration of each isolated compound was 
determined by the following equation: 
factorDilution standard  theofion Concentrat
standard  theof Area
sample   theof Area
(ppm)ion Concentrat 
(Equation 1) 
First phase of experiment were carried out with root, stem, leaves and fruit extract 
of P. hysterophorus using distilled water as a control whereas second phase of the 
experiment was conducted with rhizospheric soil collected from parthenium growing at 
various farm locations and from area devoid of any weed. All phases of the experiment 
were completed in the laboratory, Department of Agronomy, University of Agriculture, 
Faisalabad, Pakistan. In phase I, treatments were arranged in a completely randomized 
design with factorial arrangement. Phase-II was carried out in a completely randomized 
design. Treatments in each phase were replicated four times. In all phases moisture 
conditions were carefully monitored and distilled water/ extract was added to eliminate 
drying out of germinating seeds. 
Detail of Each Phase 
Phase-I: Effect of aqueous extracts of various plant parts of parthenium uprooted 
from various farm locations on germination and seedling growth of maize  
 In this phase of the experiment, ten seeds of maize (variety DK 6142) were placed 
evenly on Whatman No. 10 filter paper in 9 cm diameter petri dishes, moistened with 8 
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ml of aqueous extracts of each plant part separately and sealed with parafilm. Same 
amount of distilled water was applied to control treatment. 
Phase-II:  Effect of parthenium infested soil from various farm locations on 
emergence and seedling growth of maize  
 In this phase, plastic pots of 11-cm diameter and 5-cm depth were filled separately 
with the 350 g soil of each location. Ten maize seeds were sown in each pot. Initially, 100 
ml distilled water was added to each pot and during the course of experiment, required 
quantity of distilled water was applied to each pot when needed.  
3.4.1. Observations of Experiment 1: 
 Following observations on maize seed germination and seedling growth were 
recorded during course of study. 
Maize seed germination 
1. Germination/emergence percentage (Association of Official Seed Analysts, 
1990) 
2. Germination/emergence index (Association of Official Seed Analysts, 1990) 
3. Mean germination/emergence time (Ellis and Roberts, 1981) 
4. Time to 50% germination/emergence (Coolbear et al., 1984) 
5. Germination/emergence energy (GE/EE) (Ruan et al., 2002) 
Maize seedling growth 
1. Shoot length per plant (cm) 
2. Root length per plant (cm) 
3. Shoot dry weight per plant (mg) 
4. Root dry weight per plant (mg) 
5. Seedling dry weight per plant (mg) 
6. Seedling vigor index (SVI) (Orchard, 1977) 
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3.4.2. Procedures for Recording Observations of Experiment 1: 
1. Germination/emergence percentage (GP/EP) 
 In phase-I and II germination/emergence was determined by counting and 
removing germinated seeds every day over a 7 days period. Seeds were considered to be 
germinated and emerged when protruding radicle and plumule reached 2 mm in length, 
respectively. Germination/emergence was observed daily according to the methods of the 
Association of Official Seed Analysts (1990) and converted into germination /emergence 
percentage by the following formula: 
Germinated/emerged seeds 
GP/EP = ---------------------------------- X 100              (Equation 2) 
 Total seeds  
 
2. Germination/emergence index (GI/EI) 
             The Germination/emergence Index (GI/EI) was calculated as described by the 
Association of Official Seed Analysts (1990) using the following formula: 
 No. of germinated/emerged seeds        No. of germinated/emerged seeds 
GI/EI = ---------------------------------- +…........+---------------------------------- (Equation 3) 
  Days of first count   Days of final count 
 
3. Mean germination/emergence time (MGT/MET) 
Mean germination/emergence time was calculated according to the equation of 
Ellis and Roberts (1981). 
                                      Σ Dn 
  MGT/MET = ------    (Equation 4) 
     Σ n 
Where n is the number of seeds that had germinated/emerged on day “D” and D is 
the number of days counted from the beginning of germination/emergence. 
4. Time to 50% germination/emergence (T50) 
 The time to obtain 50% germination/emergence (T50) was calculated according to 
the formula of Coolbear et al.  (1984) as modified by Farooq et al. (2005). 
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   (N/2 – ni) (tj - ti)   
 T50 =   ti +  --------------------       (Equation 5) 
        (nj – ni) 
 
Where N is the final number of germinated/emerged seeds and nj and ni are the 
cumulative number of seeds germinated/emerged by adjacent counts at times tj and ti, 
respectively, where ni <N/2 < nj.  
6. Germination/emergence energy (GE/EE)  
  It is the percentage of germinating/emerged seeds as recorded at 4th day after 
sowing relative to the total number of seeds sown (Ruan et al., 2002). 
7. Seedling vigor index (SVI) 
 Germination/emergence percentage and seedling length were used to calculate 
seedling vigor index (SVI) by the following formula as described by Orchard (1977): 
 SVI = [seedling length (cm) × germination/emergence percentage] (Equation 6) 
Seedling growth 
1. Shoot length per plant (mg) 
 All seedlings from each treatment were taken and their shoot lengths were 
measured in cm from the point where root and shoot joins, to the top of seedling. Then 
average shoot length was worked out. 
2. Root length per plant (cm) 
 All seedlings from each treatment were taken at random and root length was 
measured in cm from the point where root and shoot joins, to the end of root. Then 
average root length was worked out. 
3. Shoot dry weight per plant (mg) 
 Shoots of all seedlings were separated, oven dried at 70oC for 48h and then 
weighed. This weight was used to calculate average shoot dry weight per plant in mg.  
4. Root dry weight per plant (mg) 
 Roots of all seedlings were separated, oven dried at 70oC for 48h and then 
weighed. Average root dry weight per plant in mg was calculated.  
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5. Seedling dry weight per plant (mg) 
         Shoot and root dry weight of all seedlings from each treatment were summed and 
then used to work out the average seedling dry weight. 
 
3.5. Experiment No. 2: Exploring bio-herbicidal potential of some plant species 
against Parthenium hysterophorus L. 
This experiment in turn constituted of two parts each conducted in two phases. 
Experiment No. 2(a): Effect of aqueous extracts of various herbaceous plant species 
on P. hysterophorus L. 
Phase-I: Germination bioassay for pre-emergence phytotoxic effect 
Factor A:  Herb species 
Treatments 
   H1 =  Achyranthes aspera L. 
   H2 =  Alternanthera philoxeroides (Mart.) 
   H3 =  Datura metel L. 
   H4 = Rumex dentatus L. 
Factor B: Plant part 
Treatments 
   E0 =  Distilled water treated control 
   E1 =  Root extract  
   E2 =  Stem extract 
   E3 =  Leaf extract  
   E4 =  Fruit extract 
   E5 =  Whole plant extract 
Phase-II: Seedling growth bioassay for post-emergence phytotoxic effect 
TREATMENTS: 
   T1 =  Distilled water 
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   T2 =  A. aspera extract 
   T3 =  A. philoxeroides extract 
   T4 =  D. metel extract 
   T5 =  R. dentatus extract 
 
Experiment No. 2(b): Effect of aqueous leaf extracts of various tree species on P. 
hysterophorus L.  
Phase-I: Germination bioassay for pre-emergence phytotoxic effect 
TREATMENTS:   
Factor A:  Tree species 
Treatments 
   S1 =  Eugenia jambolana Lam. (Java plum) 
   S2 =  Ricinus communis L. (Castor bean) 
   S3 =  Ziziphus jujuba L. (Chinese date) 
   S4 = Ziziphus mauritiana L. (Indian jujube) 
Factor B: Plant part 
Treatments 
   E0 =  Distilled water treated control 
   E1 =  1% aqueous extract 
   E2 =  2% aqueous extract 
   E3 =  3% aqueous extract 
   E4 =  4% aqueous extract 
   E5 =  5% aqueous extract 
Phase-II: Seedling growth bioassay for post-emergence phytotoxic effect 
TREATMENTS: 
   T1 =  Distilled water 
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   T2 =  E. jambolana extract 
   T3 =  R. communis extract 
   T4 =  Z. jujuba extract 
   T5 =  Z. mauritiana extract 
Detail of Each Phase in Experiment 2 (a & b) 
 Fully grown plants of herbaceous species were collected from field and leaves 
from actively growing trees species were taken and kept at room temperature for drying 
and then oven-dried at 70oC for 48 hours. Intact herbaceous plants were then separated 
into roots, stems, leaves and fruits and cut into small pieces with the help of a scissor. The 
dried plant parts of herbaceous plants and dried leaves of trees were dipped in distilled 
water for a period of 24 hours at room temperature (30oC±4) in ratio of 1:20 w/v (Hussain 
and Gadoon, 1981). Their aqueous extracts were obtained by filtering the mixture through 
ASTM 40 mesh sieve and then through Sartorious Minisart syringe filters of 0.45 µm 
pore size. The 5% leaf aqueous extract of each tree species was further diluted to 4, 3, 2 
and 1% concentrations by adding distilled water.  
 Aqueous extracts of herbs and trees used in study were also analyzed for their 
biochemical characteristics such as pH, EC, total phenolic content and individual 
concentrations as described in section 3.4. Both experiments were carried out in the Weed 
Science Laboratory, Department of Agronomy, University of Agriculture, Faisalabad, 
Pakistan. In phase-I of each experiment, petri plate based germination bioassay was 
carried out. Twenty seeds of parthenium were placed evenly on Whatman No. 10 filter 
paper in 9 cm diameter petri dishes. To each petri dish, 4 ml of aqueous extracts / distilled 
water was applied and then sealed with parafilm. The treatments were arranged in 
randomized complete block design with factorial arrangement and each treatment was 
replicated 4 times. Daily germination count was recorded. 
 In phase-II of each experiment, pot-cultured seedling growth bioassay was carried 
out for evaluating post-emergence phytotoxic potential of aqueous extracts against 
parthenium. Twenty seeds of parthenium were sown in plastic pots of 10-cm diameter and 
10-cm depth, filled with sandy loam soil @ 650-g soil per pot, initially wetted with 200 
ml distilled water. Each treatment was replicated four times and experiment was laid out 
in completely randomized design. Aqueous extracts were sprayed over 15 days old 
parthenium seedlings. Seedlings in control treatment were sprayed with distilled water in 
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a similar way. Twenty five days old seedlings (survived one) were uprooted and their 
seedling growth parameters were recorded. 
 
3.5.1. Observations of Experiment 2: 
 Following observations on parthenium seed germination and seedling growth were 
recorded during course of study. 
Parthenium seed germination 
1. Germination percentage (Association of Official Seed Analysts, 1990) 
2. Germination index (GI) (Association of Official Seed Analysts, 1990) 
3. Mean germination time (MGT) (Ellis and Roberts, 1981) 
4. Time to 50% germination (T50) (Coolbear et al., 1984) 
Parthenium seedling growth 
5. Shoot length per plant (cm) 
6. Root length per plant (cm) 
7. Shoot dry weight per plant (mg) 
8. Root dry weight per plant (mg) 
9. Seedling dry weight per plant (mg) 
10. Seedling vigor index (SVI) (Orchard, 1977) 
 
3.5.2. Procedures for Recording Observations of Experiment 2: 
Germination Parameters: 
In phase I of each experiment a and b, above mentioned germination parameters of 
parthenium were calculated as described in section 3.4. 
Seedling growth parameters: 
In phase II of each experiment a and b, above mentioned seedling growth parameters 
were evaluated following procedures as discussed in section 3.4. 
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FIELD EXPERIMENTS:  
Crop husbandry 
 Laser land leveling was carried out before soil preparation. During both the years, 
seed bed was prepared by cultivating the soil 2-3 times with the tractor mounted 
cultivator followed by planking to make it flat. Maize hybrid DK 919 was used as a test 
crop. The crop was sown at flat seed bed in 70 cm apart rows with a manual dibbler 
keeping plant to plant distance of 20 cm. Seed rate of 20 kg ha-1 was used. Nitrogen and 
phosphorus at the rate of 200 and 115 kg ha-1 were applied in the form of urea and 
diammonium phosphate (DAP), respectively. Half of the N and whole of P2O5 were 
applied by broadcast method and incorporated into soil at the time of final seed bed 
preparation whereas remaining half of N was applied at crop knee height by broadcast 
method. In total, ten irrigations, each of three acre inches, were applied to the crop with 7 
days interval. 
3.6. Experiment No. 3: Effect of different densities of Parthenium hysterophorus L. 
on growth and yield of maize (Zea mays L.)  
TREATMENTS: 
 P. hysterophorus density (m-2) 
   D0 = No parthenium (Control) 
   D1 = 5  
   D2 = 10  
   D3 = 15  
   D4 = 20  
3.7. Experiment No. 4: Estimation of critical period of Parthenium hysterophorus L. 
competition in maize (Zea mays L.)  
TREATMENTS: 
                           P0 = No competition (weed free throughout growth period) 
   P1 = Competition for 5 weeks after emergence (WAE)  
   P2 = Competition for 6 WAE  
   P3 = Competition for 7 WAE  
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   P4 = Competition for 8 WAE  
   P5 = Full season competition  
3.8. Experiment No. 5: Screening of herbicides for effective control of  Parthenium 
hysterophorus L. in maize (Zea mays L.) 
TREATMENTS: 
 H0  Weedy check 
 H1  Atrazine (Clark Plus-80WDG) @ 360 g a.i. ha-1 
 H2  Atrazine + nicosulfuron (Synergy-22SC) @ 385 g a.i. ha-1 
 H3 Atrazine + s-metolachlor (Primextra Gold-720SC) @ 720 g a.i. ha-1 
 H4  Bromoxynil + MCPA + metribuzin (Valent-470EW) @ 470 g a.i. ha-1 
 H5  Dicamba (Commit-40.6AS) @ 304.5 g a.i. ha-1 
 
 In all the three field experiments, the maize crop was sown on 25th of July, 2012 
and 3rd of August, 2013. Seed of parthenium was uniformly broadcasted throughout the 
field just after the sowing of crop to ensure maximum population of parthenium. In 
experiment 3, net plot size was 3 m × 2.1 m. Parthenium weed density was maintained by 
uprooting its surplus seedlings in each plot at their rosette stage, according to the 
treatment plan whereas all parthenium seedlings were uprooted in control treatment. In 
experiment 4 and 5, net plot size was 7.5 m × 2.8 m. All parthenium plants were removed 
from whole plot at the prescribed period after their emergence in experiment 4. In zero / 
no competition treatment, parthenium seedlings were removed just after emergence 
whereas in full season competition treatment, no parthenium seedling was removed. 
Spray volume was calibrated before spraying herbicides to know exact volume (300 L ha-
1) of water needed to spray herbicide in experiment 5. Hand operated knapsack sprayer 
was used to spray the herbicides in each plot according to treatment plan after the 
emergence of parthenium weed. All the field experiments were laid out in randomized 
complete block design and each treatment was replicated 4 times. All other weeds (except 
parthenium) were uprooted manually when emerged. All agronomic operations were kept 
normal and uniform except those under study for all treatments.  
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3.9. Observations of Experiments 3, 4 and 5: 
 Data on following parameters was recorded during the course of study. 
A. Maize growth, yield and yield components 
1. Plant population (m-2) 
2. Plant height (cm) 
3. No. of cobs per plant  
4. No. of grains per cob  
5. Grain weight per cob (g) 
6. 100-grain weight (g) 
7. Biological yield (t ha-1)  
8. Grain yield (t ha-1) 
9. Stalk yield (t ha-1) 
10. Harvest index 
B. Maize grain quality parameters 
1. Grain oil content (%) 
2. Grain protein content (%) 
 
C. Parthenium weed 
1. Number of weed plants (m-2)  
2. Weed fresh weight (g m-2)  
3. Weed dry weight (g m-2)  
4. Macronutrient (N,P and K) content 
5. NPK uptake (kg ha-1) 
6. Weed control efficiency (%) 
7. Relative competitive index (%) 
8. Herbicide efficiency index (HEI) 
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3.10. PROCEDURES FOR RECORDING DATA  
Experiments No. 3, 4 and 5 
A. Maize growth, yield and yield components 
1. Plant population (m-2) 
 A unit area of one square meter was selected at random from each plot to record 
data of plant population. 
2. Plant height (cm) 
 Ten plants were selected randomly from each plot and their height was measured 
from ground surface to the top with the help of a measuring tape and the average height 
was calculated in cm. 
3. Number of cobs per plant  
Total number of plants and cobs from each plot were counted and then average cob 
number per plant was calculated. 
4. Number of grains per cob 
 Average grain number per cob was calculated from the total number of grains of 
ten randomly selected cobs from each plot. 
5. Grain weight per cob 
 Average grain weight per cob was calculated from the total weight of grains of ten 
randomly selected cobs from each plot. 
6. 100-grain weight (g) 
Three samples of 100 grains were taken randomly from each seed lot of each plot, 
weighed and then averaged. 
7. Biological yield (t ha-1) 
At physiological maturity, crop was harvested manually, tied into bundles and 
allowed to sun dry for two weeks in respective plots. The biological yield for each 
treatment was recorded with spring balance which was then converted to t ha-1. 
8. Grain yield (t ha-1) 
58 
 
After threshing by maize sheller, grain yield was recorded on plot basis. Then the 
grain yield was converted to t ha-1  
9. Stalk yield (t ha-1) 
 After removing cobs from the crop bundles, they were again weighed with spring 
balance to get stalk yield on plot basis. Then it was converted to stalk yield in t ha-1. 
10. Harvest index 
         Harvest index (%) was calculated by using the given below formula of Beadle 
(1987). 
                              Economic yield 
Harvest index    =   -------------------   x 100 (Equation 7) 
                                                        Biological yield   
 
B. Maize grain quality parameters 
1. Grain oil content (%) 
 For oil content, maize grain samples in duplicate of each treatment were dried for 
16 h at 500C and then ground into a powder. Grain oil content was determined by using 
method Soxhlet method as described by Low (1990). 
Procedure  
1. A 3 g of the ground maize grain sample was wrapped into a filter paper. 
2. Wrapped sample was placed in the Butt extraction tube and apparatus was assembled.  
A 170 ml of petroleum ether was added to the tarred extraction flask before attaching to 
the tube.  
3. Extraction tube was heated on hot plate at 600C.  
4. Extraction process was continued for 6 hours.  
5. The extraction flask was cooled and disconnected.  
6. The contents of extraction tube were poured into 30 inches diameter petri-dish of 
weight W1. 
7. Petri dish was then kept in an electric oven at 1000C till constant weight W2 was 
obtained.  
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7. Oil percentage was calculated by following formula: 
     W2 - W1 
Oil content (%)    =   -------------------   x 100 (Equation 8) 
                                                          Sample weight   
2. Grain protein content (%) 
Nitrogen content of maize grain samples was determined by using micro-Kjeldhal 
distillation method (Anonymous, 1980) and then the crude protein contents in grains were 
calculated by using the following formula:  
 % Crude protein = % Nitrogen x 6.25 (Equation 9) 
Procedure of N: 
1. Maize grain samples in duplicate of each treatment were dried for 16 h at 500C and 
then ground into a powder. 
2. One g of ground grain sample was mixed with 5 g digestion mixture 
(K2SO4+FeSO4+CuSO4 in 85:10:5 ratio on weight basis) in digestion tubes and 15 mL of 
conc. sulfuric acid (H2SO4) was poured on it. 
3. Digestion tubes were kept in digestion block within fume hood at 4000C for 2-3 hours 
until transparent light green solution was attained. 
4. Digested sample was diluted with distilled water up to 250 mL volume. 
5. Ten mL of 4% boric acid was taken in a conical flask and 4-5 drops of methyl red 
indicator were added in it to get light purple color.  
6. Ten mL of diluted sample was taken and distillated on N distillation apparatus for 2 
minutes to collect its NH3 in 10 mL boric acid which attained golden yellow color. 
7. This boric acid solution was titrated against 0.1 N H2SO4 solution till purple end point 
and volume of H2SO4 solution used was noted.  
8. A blank with no plant sample was also run through whole procedure for comparison. 
5.  Nitrogen percentage was calculated by following formula: 
          0.0014 × volume of H2SO4 solution used × 0.1 × 250 (dilution factor)  
% N = -------------------------------------------------------------------------------------- × 100   (Equation 10) 
                           Weight of sample (g) × 10 ml used for distillation 
 
60 
 
C. Parthenium weed 
1. Number of parthenium plants (m-2)  
 Parthenium plants were counted from an area of 1 m2 at two different places 
selected at random within each plot and then average parthenium plant population per m2 
was calculated.  
2. Parthenium fresh weight (g) 
 Fresh parthenium plant samples (above ground) were weighed through an 
electronic digital balance. 
3. Parthenium dry weight (g)  
 Parthenium plant samples after initial sun drying for two days were kept in an 
electric oven at 70oC till they achieved a constant dry weight. These were then weighed 
through an electronic digital balance.  
4. Parthenium plant macronutrients (N, P and K) content (%) 
 Oven-dried parthenium plant samples from each treatment were ground through 
an electric motor grinder. Nitrogen, phosphorus and potassium concentrations were 
estimated as suggested by Williams (1984). 
a. Determination of N 
 One gram plant sample was digested with 30 ml concentrated H2SO4 in the 
presence of 10 g digestion mixture (K2SO4, Cu SO4: Se at 10.0:1.0:0.1). It was transferred 
to 100 ml volumetric flask after cooling and made up of volume. Ten ml aliquot was 
taken from this for the distillation of ammonia in the presence of 40% NaOH by using 
micro-Kjeldhal’s apparatus. A receiver containing boric acid (4%) solution and mixed 
indicator (Bromocresol green and Methyl red) was used to collect nitrogen evolved as 
ammonia and titrated against 0.1 N H2SO4. 
b. Determination of P and K 
 One gram plant sample was digested in 20 ml of concentrated HNO3 and 10 ml of 
HClO4 72% per sample. When the volume was reduced to 3 ml upon heating on a hot 
plate, it was cooled and transferred to 100 ml volumetric flask and made up the volume. 
Five ml of aliquot was taken in 50 ml volumetric flask and 5 ml of color developing 
reagents (Ammonium molybdate- ammonium venadate) was added and volume was made 
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up to the mark. It was allowed to stand for half an hour. The color intensity was measured 
on Spectrophotometer (Beckman) at 470 mu wave length. After this the actual reading 
was noted from the standard curve (Allen et al., 1976). 
 Potassium concentration was measured by using 100 ml volume made after 
digestion as described above. Flame photometer (Jenuary 8505) having K+ filter was used 
for K determination. These measurements were made for each sample. 
5. Parthenium NPK uptake (Kg ha-1) 
 Nitrogen, P and K contents of parthenium plant were multiplied with parthenium 
plant dry weight in kg ha-1 to get parthenium N, P and K uptake in kg ha-1.   
6. Weed control efficiency 
Based on the weed dry matter produced, weed control efficiency was calculated 
using the formula of Kondap and Upadhyay (1992): 
        W1 - W2 
Weed control efficiency =  ------------------------- X 100 (Equation 11) 
     W1 
Where, 
W1 = Dry matter of weeds in control plots 
W2 = Dry matter of weeds in treated plots 
 
7. Relative competitive index (RCI) 
Jolliffe et al. (1984) formula was used to describe relative competitive index 
(RCI) of P. hysterophorus. 
 
   (Equation 12) 
 
Where Yweed free was yield of weed free plot and Yweed was yield in the presence of weed. 
 
9. Herbicide efficiency index (HEI) 
Herbicide efficiency index of each herbicide used was calculated by using the formula 
given by Walia (2003) as follow: 
 
100
DMC
DMT
YC
YC-YT
HEI  (Equation 13) 
62 
 
 
Where, YT and YC were yields of treated and control plots, and DMT and DMC are 
weed dry matter in treatment and control, respectively. 
3.11. Economic Analysis 
 Economic analysis in experiment No. 5 was carried out on the basis of prevailing 
market prices of herbicides and maize crop. Marginal analysis of un-dominated herbicides 
was carried out as suggested by CIMMYT (1988). 
 For dominance analysis, herbicide treatments were arranged in order of increasing 
variable costs. A treatment was considered dominated (D) if net benefit derived from it 
was less than or equal to that derived from preceding one.  
 Marginal rate of return was calculated from marginal net benefit (i.e. the change in 
net benefits) and marginal cost (i.e. change in costs) by using the following formula: 
             Marginal benefit 
MRR (%) =          -------------------- x 100  (Equation 14) 
         Marginal cost 
3.12. Statistical Analysis 
 Data were analyzed statistically using Fisher’s Analysis of Variance technique and 
means were compared using Tukey's honestly significant difference (HSD) test at 5% 
probability (Steel et al., 1997) using MSTAT-C (MSTAT-C, 1998) and Statistix 8.1 
(Analytical Software, 2005) computer softwares. In experiment No. 2(b), dose-response 
relationship was calculated between germination percentage and concentration of aqueous 
extracts of tree species by probit regression analysis in SPSS statistical package (Landau 
and Everitt, 2004). From this relationship, LC50 of aqueous extract of each tree 
species was calculated. 
Two year data of field experiments were analyzed by randomized complete block 
design combined over year. Data were pooled to get two-year averages for parameters 
whose year effect was non-significant and means were compared using Tukey's honestly 
significant difference (HSD) test at 5% probability (Steel et al., 1997).  
In experiment No. 3, trend analysis was carried out to see linear, quadratic and 
cubic response of weed and crop parameters to different parthenium densities.  A 
rectangular non-linear hyperbolic regression model (Cousens 1985) was fitted to the 
63 
 
maize grain yield data and P. hysterophorus density to analyze the relationship between 
the corn grain yield (Y) and the P. hysterophorus density (d). The model equation is as 
under: 
                    (Equation 14) 
Where, Y is simulated corn yield (t ha-1) at a particular density, Yo is weed-free 
corn yield (t ha-1), β is measure of weed competitivity (a weed density of 1/β reduces the 
corn yield by 50%), and  = parthenium weed density. 
Economic threshold (ET) of P. hysterophorus was estimated by equating the cost 
of controlling this weed with the value of corn yield gained by herbicide application. 
Their calculation was based on the equation 15 developed by Cousens (1987).  
 ET = (Ch + Ca) / (Yo PLH)                (Equation 15) 
 
Where, Ch is herbicide cost (US$ ha-1), Ca is application cost (US$ ha-1), Yo is 
weed free corn yield (t ha-1), P is value per unit of crop (US$ t-1), L is proportional loss 
per unit weed density, and H is herbicide efficacy (a proportional reduction in weed 
density or weed biomass by the herbicide treatment).  
Planned meaningful contrast comparisons for different parthenium competition 
periods (in experiment No. 4) and herbicide treatments (in experiment No. 5) were made 
using single degree of freedom (df) contrast method (Little and Hills, 1978).  
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CHAPTER 4 
RESULTS AND DISCUSSION 
LABORATORY EXPERIMENTS 
4.1. Experiment No. 1: Allelopathic effect of Parthenium hysterophorus L. on 
germination and seedling growth of maize (Zea mays L.)  
 Experiment was performed in two independent phases: 
Phase I.  Effect of aqueous extracts of various plant parts of parthenium uprooted 
from various farm locations on germination and seedling growth of maize  
4.1.1. Biochemical characteristics of aqueous extracts  of parthenium plant parts 
 Biochemical characteristics of aqueous extracts of various plant parts of 
parthenium collected from various farm locations have been presented in tables 4.1 and 
4.2. The electrical conductivities of root, fruit, whole plant, stem and leaf extracts of P. 
hysterophorus uprooted from various farm locations were within ranges of 2.43 to 3.56, 
5.97 to 7.14, 7.10 to 9.16, 8.64 to 9.90, and 8.34 to 9.96 dS m-1, respectively. However, 
total phenolic concentrations were higher in leaf (4256.1 to 6678.2 mg L-1) followed by 
fruit (4325.3 to 6170.7 mg L-1), whole plant (2318.3 to 4071.5 mg L-1), stem (2410.6 to 
3633.2 mg L-1) and root (1949.3 to 3194.9 mg L-1) of parthenium plants uprooted from 
different farm locations. 
 Regarding phenolic acid composition of aqueous extracts, larger number of 
phenolic compounds namely gallic acid (7.5 mg L-1), caffeic acid (12.9 mg L-1), 4-
hydroxy-3-methoxy benzoic acid (37.1 mg L-1) and p-coumaric (3.7 mg L-1) were 
detected in aqueous leaf extract of parthenium growing near field border compared with 
others (Table 4.2). 
4.1.2. Germination of maize  
 Germination percentage (GP), germination index (GI) and germination energy 
(GE) are directly related to germination performance of seed in terms of total number of 
seeds germinated, germination speed and germination ability under unfavorable 
conditions, respectively. Mean germination time (MGT) and time to 50% germination 
(T50) are two important parameters of germination representing time required to complete 
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Table 4.1: Biochemical characteristics of aqueous extracts of parthenium plant parts 
collected from various farm locations  at UAF in year 2012 
Location Plant Part pH EC (dS m-1) 
Osmotic 
potential 
(-MPa) 
Total phenolic 
contents  
(mg L-1) 
Near water 
channel 
Fruit 7.8 5.97 0.21 4325.3 
Stem 6.8 8.64 0.31 3633.2 
Leaf 7.6 8.34 0.30 4256.1 
Root 4.9 2.43 0.09 3194.9 
Whole plant 6.8 8.00 0.29 2318.3 
Near Field 
border  
Fruit 7.9 7.14 0.26 6170.7 
Stem 7.4 9.53 0.34 2410.6 
Leaf 7.6 9.89 0.36 6678.2 
Root 8.0 3.56 0.13 1972.3 
Whole plant 7.7 7.10 0.26 3218.0 
Near water 
pond 
Fruit 7.1 6.37 0.23 5178.8 
Stem 7.4 9.90 0.36 2895.0 
Leaf 7.8 9.96 0.36 5155.7 
Root 5.6 2.99 0.11 1949.3 
Whole plant 7.5 9.16 0.33 4071.5 
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Table 4.2: Phenolic composition of aqueous extracts of parthenium plant parts from various farm locations at UAF during year 2012 
Location Plant Part 
Phenolics concentration (mg L-1) 
Gallic 
acid 
Caffeic 
acid 
4-
hydroxy-
3-
methoxy 
benzoic 
acid 
p-
coumaric 
acid 
m-
coumaric 
acid 
Chromato-
tropic acid 
Vanillic 
acid 
Syringi
c acid 
Ferulic 
acid 
Chlorogenic 
acid 
Near water 
channel 
Fruit 27.8 - - - - - - - - - 
Stem 7.7 9.5 - 15.5 0.7 - - - - - 
Leaf 12.0 15.1 - - - - - - - - 
Root 3.3 - - - - - 24.1 11.7 20.9 - 
Whole plant - - - 15.1 - - - - - - 
Near Field 
border 
Fruit 10.1 - 752.8 - - - - - - - 
Stem 21.1 8.5 - - - - - - 2.7 10.7 
Leaf 7.5 12.9 37.1 3.7 9.4 - - - - - 
Root - - - - - - 16.5 11.0 18.7 - 
Whole plant - - - - - - - - 33.5 41.5 
Near water 
pond 
Fruit 15.9 - - - - - - 21.7 - - 
Stem 11.8 14.6 - 6.3 - - - - - - 
Leaf 17.3 20.6 - 1.6 - - - - - - 
Root 2.3 - - 5.5 4.4 - - - - 36.8 
Whole plant - 36.0 - - 9.9 - - - - - 
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germination. Lower values of these parameters therefore reflect higher germination 
performance. Data relevant to germination parameters of maize as influenced by 
application of aqueous extracts derived from various plant parts of parthenium growing at 
various farm locations are given in table 4.3 and figure 4.1. Comparison among various 
farm location means revealed that aqueous extracts of parthenium plants collected near 
field border caused maximum inhibition in germination of maize by giving minimum GP 
(43.3%), GI (4.09), GE (49.6) and longest MGT (4.06 days) and T50 (3.45 days) (Table 
4.3). Among parthenium plant parts, leaf extract showed significantly least values of GP 
(34.2%), GI (2.85) and higher MGT (4.15 days) and T50 (3.71 days) which were 60.9% 
and 69.5% lower, and 21.7% and 50% higher than distilled water treated control 
(DWTC), respectively. However, GE did not differ significantly among various plant 
parts (Table 4.3).  
 As regards location x plant part interaction means, significantly lower values of 
GP (30.0%), GI (2.01) and significantly longest MGT (4.94 days) and T50 (4.50 days) of 
maize were observed with leaf extract followed by fruit and whole plant extracts of 
parthenium growing near field border (Figure 4.1). Contrastingly, highest GP (97.5%), GI 
(9.34), MGT (3.41 days) and T50 (2.46 days) of maize were given by control treatment 
where distilled water was applied. Previous bioassay studies have also shown the negative 
allelopathic effects of various plant parts of parthenium on germination of maize and 
other crops such as wheat, ryegrass, soybean, cotton and sorghum (Mersie and Singh, 
1987; Dhole et al., 2011; Devi and Dutta, 2012). In most of those studies, parthenium leaf 
and flower were proved to be more phytotoxic than its stem and root (Wakjira et al., 
2005; Marwat et al., 2008; Khan et al., 2011). In the present study, the highest 
allelopathic activity of aqueous leaf extract of parthenium growing near field border 
seems to be due to its higher total phenolic contents (6678.2 mg L-1), higher EC (9.89 dS 
m-1) and lower osmotic potential (-0.36 MPa) as well as complex interactions of large 
number of phenolic compounds namely gallic acid (7.5 mg L-1), caffeic acid (12.9 mg L-
1), 4-hydroxy-3-methoxy benzoic acid (37.1 mg L-1) and p-coumaric (3.7 mg L-1) (Tables 
4.1 & 4.2). 
4.1.3. Seedling growth of maize 
  Seedling growth parameters such as shoot and root length and fresh and dry 
weights are important in studying effects of various environmental factors on early 
growth and vigor of a plant. Beneficial or harmful effects of a mutagen or allelochemical
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Table 4.3: Interaction means of germination parameters of maize as influenced by aqueous extracts of various plant parts of 
parthenium uprooted from different farm locations at UAF in year 2012  
Locations GP GI T50 (days) MGT (days) GE SVI 
Near water channel 54.2 a 4.40 ab 3.41 ab 4.01 a 67.9 a 894.2 a 
Near Field border  43.3 c 4.09 b  3.45 a 4.06 a 49.6 b  450.2 c 
Near water pond 46.3 b 5.01 a 3.12 b 3.71 b 77.7 a 595.7 b 
HSD 2.91 0.68 0.33 0.21 11.1 71.3 
Plant Parts 
DWTC 87.5 a 9.34 a 2.46 b 3.41 c 74.9  1611.2 a 
Fruit 40.0 b 3.53 b 3.38 a 4.06 ab 68.3 445.6 c 
W.P 40.8 b 3.60 b 3.63 a 4.18 a 62.2 457.1 c 
Root 42.5 b 3.75 b 3.50 a 3.97 ab 59.6   634.0 b 
Stem 42.5 b 3.91 b 3.29 a 3.78 b 67.2 535.5 bc 
Leaf 34.2 c 2.85 b 3.71 a 4.15 a 58.3 196.7 d 
HSD 5.04 1.17 0.58 0.36 NS 123.6 
GP = germination percentage, GI = germination index, T50 = time to 50% germination, MGT = mean germination time, GE = germination 
energy, SVI = seedling vigor index, DWTC=distilled water treated control. In a column, values with different letters show significant 
difference (p ≤ 0.05) as determined by Tukey's honestly significant difference (HSD) test.
69 
 
G
P
 
 
G
I 
 
T
5
0
 (
d
a
y
s)
 
 
M
G
T
 (
d
a
y
s)
 
 
G
E
 
 
S
V
I 
 
Figure 4.1: Interaction means of germination parameters of maize as influenced by aqueous extracts of plant parts of parthenium uprooted 
from various farm locations in 2012 at UAF 
70 
 
can be best explained through such types of seedling growth bioassays. This is due to fact 
that any type of allelochemical influences the embryo of the seed at the time when it starts 
to emerge out in the form of seedling in order to grow into an adult plant. The seedling 
development largely depends upon the stimulating or inhibiting effect of that mutagen or 
allelochemical. Data regarding various seedling growth parameters of maize as affected 
by aqueous extracts of various plant parts of parthenium growing at different farm 
locations are presented in table 4.4 and figure 4.2 which revealed that parthenium plants 
growing near field border exhibited maximum inhibitory effects on maize seedlings 
followed by those growing near water pond and water channel. Significantly lowest shoot 
length (8.31 cm) and dry weight (39 mg), root length (1.28 cm) and dry weight (10 mg), 
seedling length (9.59 cm) and dry weight (48 mg) of maize seedlings were recorded from 
treatment receiving aqueous extract of parthenium growing near field border. 
 Regarding plant parts, parthenium leaf extract showed maximum seedling growth 
inhibition of maize by producing significantly least shoot length (5.10 cm) and dry weight 
(29 mg), root length (0.46 cm) and dry weight (8 mg), seedling length (5.56 cm) and dry 
weight (36 mg) in maize along with 66.7%, 58%, 82.4%, 60%, 69% and 59.6% 
reductions, respectively compared with DWTC. 
 Whole plant and fruit extracts seem to be second most potent seedling growth 
inhibitors. Comparison of means of location and plant part interactions discloses that leaf 
extract of parthenium plant uprooted from location near field border expressed highest 
phytotoxic effect against seedling growth of maize (Figure 4.2). This treatment 
combination produced significantly lower shoot length (3.0 cm) and dry weight (7 mg), 
root length (0.30 cm) and dry weight (3 mg), seedling length (3.3 cm) and dry weight (10 
mg) with concomitant reductions of 85.8%, 92.1%, 93.8%, 88.5%, 87.3% and 91.3%, 
respectively from DWTC. Previous bioassay studies have also shown the negative 
allelopathic effects of various plant parts of parthenium on seedling growth of maize and 
other crops such as wheat, ryegrass, soybean, cotton and sorghum (Mersie and Singh, 
1987; Dhole et al., 2011; Devi and Dutta, 2012). In most of the studies, its leaf and flower 
were proved to be more phytotoxic than its stem and root (Wakjira et al., 2005; Marwat et 
al., 2008; Khan et al., 2011). Likewise, more inhibitory effects of
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Table 4.4: Interaction means of seedling growth parameters of maize as influenced by aqueous extracts of plant parts of parthenium 
uprooted from various farm locations at UAF in year 2012 
Location SDW (mg) RDW (mg) SL (cm) RL (cm) SDL (cm) SB (mg) 
Near water channel 58 a 15 a 12.28 a 2.22 a 14.50 a 73 a 
Near Field border  39 c 10 c 8.31 c 1.28 b 9.59 c 48 c 
Near water pond 51 b 12 b 10.56 b 1.36 b 11.92 b 63 b 
HSD 4.0 1.4 0.60 0.47 0.85 4 
Plant Part 
DWTC 69 a 20 a 15.33 a 2.62 a 17.94 a 89 a 
Fruit 52 b 11 b 8.93 d 2.06 ab 10.99 c 62 c 
W.P 35 c 11 b 10.17 c 0.58 c 10.76 c 46 d 
Root 57 b 13 b 12.38 b 2.31 ab 14.69 b 71 b 
Stem 55 b 12 b 10.39 c 1.69 b 12.08 c 66 bc 
Leaf 29 c 8 c 5.10 e 0.46 c 5.56 d 36 e 
HSD 0.006 0.003 1.04 0.81 1.47 8 
SDW = shoot dry weight, RDW = root dry weight, SL = shoot length, RL = Root length, SFW = Shoot fresh weight, SDL = seedling length, 
SB = seedling biomass, DWTC = distilled water treated control. In a column, values with different letters show significant difference (p ≤ 
0.05) as determined by Tukey's honestly significant difference (HSD) test. 
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Figure 4.2: Seedling growth parameters of maize as influenced by aqueous extracts of plant parts  of parthenium in interaction with various farm locations in year 2012 at UAF 
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these plant parts on root growth than shoot growth of maize, ryegrass, soybean and rice 
were also reported by Mersie and Singh (1987) and Maharjan et al. (2007). 
 Data pertaining to seedling vigor index (SVI) which is an indicator of overall 
germination and seedling growth performance are given in table 4.3. Among farm 
location means averaged across plant parts, near field border resulted in maximum 
inhibitory effect which was followed by those near water pond and water channel. 
Aqueous extract from parthenium plant collected near field border resulted in 
significantly lowest SVI (450.2) compared with that from near water pond (595.7) and 
irrigation channel (894.2). Among plant parts, leaf extract produced significantly lowest 
SVI (196.7) followed by fruit (445.6) and whole plant (457.1) extracts with resultant 
reductions of 87.8%, 72.3% and 71.6% over DWTC, respectively. Similarly, among 
locations x plant parts means, farm location near field border in interaction with leaf 
extract resulted in significantly lower SVI (99.0) indicating that leaf extract from 
parthenium plants growing at this location showed maximum inhibitory effect on maize 
germination and seedling growth (Figure 4.1).  
Phase II. Effect of parthenium infested soil from various farm locations on 
germination and seedling growth of maize  
4.1.4. Biochemical characteristics of aqueous extracts  of parthenium rhizospheric 
 soil 
 Biochemical characteristics of aqueous extracts of parthenium rhizospheric soil 
collected from various farm locations have been presented in tables 4.5 and 4.6. The 
electrical conductivity of aqueous extract of rhizospheric soil collected from location near 
water channel and field border was 0.14 dS m-1 whereas from vicinity of water pond and 
weed free site were 0.13 and 0.12 dS m-1, respectively (Table 4.5). Similarly, total 
phenolic contents were also higher in soil from locations near water channel
(2549.0 mg L-1) which was followed by near field border (2502.9 mg L-1) and water pond 
(2387.5 mg L-1). However, lowest phenolic concentration was observed in soil collected 
from weed free site (2087.7 mg L-1).  
 Regarding individual phenolic acids, rhizospheric soil of parthenium growing near 
water channel was found to contain larger number of phenolic compounds namely 
vanillic acid (32.9 mg L-1), syringic acid (10.2 mg L-1), m-coumaric (2.3 mg L-1) and 
ferulic acid (2.2 mg L-1). Soil from vicinity of water pond can be ranked at second 
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Table 4.5: Biochemical characteristics of 10% (w/v) aqueous extracts of parthenium rhizospheric soils from various farm locations of 
UAF in year 2012 
Location pH EC (dS m-1) 
Osmotic potential 
(-MPa) 
Total phenolic’s 
concentration (mg L-1) 
Near water channel 8.4 0.14 0.005 2549.0 
Near Field border  8.3 0.14 0.005 2502.9 
Near water pond 8.1 0.13 0.005 2387.5 
Weed free site 8.5 0.12 0.004 2087.7 
  
 
Table 4.6: Phenolic acids composition of aqueous extracts of parthenium plant parts from various farm locations  of UAF in year 2012 
 
Location 
Phenolics concentration (mg L-1) 
Gallic 
acid 
Caffeic 
acid 
4-
hydroxy-
3-methoxy 
benzoic 
acid 
p-
coumaric 
acid 
m-
coumaric 
acid 
Chromato-
tropic acid 
Vanillic 
acid 
Syringi
c acid 
Feruli
c acid 
Chlorogenic 
acid 
Near water channel - - - - 2.3 - 32.9 10.2 2.2 - 
Near Field border  - - - 1.2 - - - - 5.2 - 
Near water pond - - - - - - 20.6 - 20.7 - 
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position as higher concentrations of vanillic acid (20.6 mg L-1) and ferulic acid (20.7 mg 
L-1) were detected in its aqueous extract. Contrastingly, minimum concentrations of p-
coumaric acid (1.2 mg L-1) and ferulic acid (5.2 mg L-1) were noted in soil near field 
border (Table 4.2). 
4.1.5. Germination and seedling growth of maize 
 Data relevant to germination and seedling growth of maize as influenced by 
parthenium rhizospheric soils from various farm locations were presented in tables 4.7 
and 4.8. Maximum inhibitory effects on germination and seedling growth of maize were 
shown by the parthenium rhizospheric soil collected near water channel which were 
followed by those collected near pond and field border. Significantly lower GI (2.87), GE 
(59.5) and SVI (3749.0); higher MGT (4.04 days) and T50 (3.79 days) of maize were 
shown by soil taken from rhizosphere of parthenium growing near water channel (Table 
3). However non-significant differences in GP were observed among parthenium infested 
soils from various farm locations (Table 4.7). On the other hand, the highest GI (4.15), 
GE (100.0), SVI (5705.3); and lowest MGT (2.53 days) and T50 (2.0 days) of maize were 
produced by soil without any vegetation. 
 The seedling growth parameters also showed similar pattern as minimum values 
of shoot length (22.96 cm) and dry weight (66 mg), root length (15.53 cm) and dry weight 
(21 mg), seedling length (38.5 cm) and biomass (87 mg) of maize were recorded in 
treatment where soil from rhizosphere of parthenium growing near water channel was 
used as germination medium (Table 4.8).  
 In our study, aqueous extracts of parthenium plant parts and rhizospheric soils 
from all the three farm locations inhibited the germination and seedling growth of maize. 
However, most suppressive action was shown by parthenium plants uprooted in the 
vicinity of field edge and parthenium rhizospheric soil near water channel in case of plant 
bioassay and soil bioassays, respectively. Vidal et al. (1998) also noted that germination 
response of Selaria faberi to applied phenolics was different on soil and petri dish 
bioassays due to differential allelopathic activity of various phenolics in these 
germination media. The main factor responsible for it was the soil adsorption which was 
more for caffeic acid and catechol but less for salicylic and ferulic acids. Seedling growth 
inhibition by soil amended with parthenium plant residues was also reported by Batish et 
al. (2002) in chickpea (Cicer arietinum) and radish (Raphanus sativus) whereas in 
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Table 4.7: Emergence parameters of maize as influenced by rhizospheric soils of parthenium growing at different farm locations  of UAF 
in year 2012 
Locations EP EI T50 (days) MET (days) EE SVI 
Near water channel 97.5 a 2.87 b 3.79 a 4.04 a 59.45   b 3749.0  b 
Near Field border  100.0 a 4.0 a 2.00 b 2.75 b 92.50  a 5621.7  a 
Near water pond 100.0 a 3.95 a 2.00 b 2.80 b 92.50  a 5441.4  a 
Weed free soil 100.0 a 4.15 a 2.00 b 2.53 b 100.00  a 5705.3  a 
HSD 3.9990 0.2641 1.1165 0.4904 15.801 684.79 
EP = emergence percentage, EI = emergence index, T50 = time to 50% emergence, MET = mean emergence time, EE = emergence energy, SVI = seedling vigor index, 
DWTC=distilled water treated control. In a column, values with different letters show significant difference (p ≤ 0.05) as determined by Tukey's honestly significant 
difference (HSD) test. 
Table 4.8: Seedling growth of maize as influenced by rhizospheric soils of parthenium growing at different farm locations  of UAF in year 
2012 
Locations SDW (mg) RDW (mg) SL (cm) RL (cm) SDL (cm) SB (mg) 
Near water channel 66 b 21  c 22.96 b 15.53 c 38.48 b 87 c 
Near Field border  85 a 37 a 29.10 a 24.89 ab 56.22 a 124 ab 
Near water pond 87 a 31  b 30.44 a 23.97 b 54.42 a 118 b 
Weed free soil 95 a 39 a 32.16 a 27.12 a 57.05 a 134 a 
HSD 11 5 5.48 2.58 7.03 11 
SDW = shoot dry weight, RDW = root dry weight, SL = shoot length, RL = Root length, SFW = Shoot fresh weight, SDL = seedling length, SB = seedling biomass, DWTC = 
distilled water treated control. In a column, values with different letters show significant difference (p ≤ 0.05) as determined by Tukey's honestly significant difference 
(HSD) test. 
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Brassica species (Brassica campestris, Brassica oleracea and Brassica rapa) by Singh et 
al. (2005b). Paudel et al. (2009) observed that P. hysterophorus rhizospheric soil 
diffusates reduced germination rate and speed in Raphanus sativus L. In the present soil 
bioassay, maximum germination and seedling growth inhibitory effects caused by 
rhizospheric soil underneath parthenium growing near water channel were probably due 
to higher total phenolic contents (2549.0 mg L-1) and individual phenolic concentrations 
i.e. m-coumaric acid (2.3 mg L-1), vanillic acid (32.9 mg L-1), syringic acid (10.2 mg L-1) 
and ferulic acid (2.2 mg L-1) compared with those collected from other farm locations 
(Tables 1 & 2). 
4.2. Experiment No. 2: Exploring bio-herbicidal potential of some plant species 
against Parthenium hysterophorus L. 
 Experiment consisted of two parts 2(a) and 2(b), each performed in two 
independent phases.  
Experiment No. 2(a): Effect of aqueous extracts of various herbaceous plant species 
on P. hysterophorus L. 
Phase-I: Germination bioassay for pre-emergence phytotoxic effect 
4.2.1.  Biochemical characteristics of aqueous extracts  of herbaceous plant parts 
 Biochemical characteristics of aqueous extracts of various plant parts of 
herbaceous plants used in experiment have been presented in tables 4.9 and 4.10. 
Compared with other plant parts, higher electrical conductivities were observed in leaf 
extracts of Datura metel L. (10.92 dS m-1), Rumex dentatus L. (8.79 dS m-1) and 
Alternanthera philoxeroides Grisebach. (8.60 dS m-1) and Achyranthes aspera L. (5.44 dS 
m-1) (Table 4.9). However, total phenolic concentration was higher in A. aspera whole 
plant extract (5778.5 mg L-1). These were followed by leaf extracts of D. metel (5478.7 
mg L-1), R. dentatus (4948.1 mg L-1), A. aspera (3794.7 mg L-1) and A. philoxeroides 
(2618.2 mg L-1). 
 Regarding individual phenolic acid concentration of aqueous extracts of 
herbaceous plants, maximum variety of phenolic compounds namely chromatotropic acid 
(63.8 mg L-1), gallic acid (16.9 mg L-1), caffeic acid (7.4 mg L-1), 4-hydroxy-3-methoxy 
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Table 4.9: Comparison of pH, EC and total phenolics concentration of aqueous 
extracts of herbaceous plants at UAF during year 2012 
Plant Plant Part pH EC 
(dS m-1) 
Concentration of total 
phenolics (mg L-1) 
Achyranthes aspera  Root  8.3 2.72 - 
Stem  9.6 3.90 - 
Leaf 9.1 5.44 3794.7 
Fruit  9.4 3.76 - 
Whole plant 9.3 4.65 5778.5 
Alternanthera 
philoxeroides 
Grisebach. 
Root  9.1 4.60 - 
Stem  9.2 8.34 - 
Leaf 9.2 8.60 2618.2 
Whole plant 9.4 8.16 - 
Datura metel L. Root  7.9 6.25 - 
Stem  8.6 9.82 - 
Leaf 8.2 10.92 5478.7 
Fruit  8.8 7.03 - 
Whole plant 8.8 8.80 - 
Rumex dentatus L. Root  6.8 1.02 - 
Stem,  9.0 5.82 - 
Leaf 8.2 8.79 4948.1 
Fruit  9.1 2.09 - 
Whole plant 9.0 3.69 - 
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Table 4.10: Phenolic composition of aqueous leaf extracts of A. philoxeroides, D. metel and R. dentatus and whole plant extract of A. 
aspera at UAF during year 2012 
Sr. No. Phenolics 
Concentration (mg L-1) 
D. metel  R. dentatus  A. aspera  A. philoxeroides  
1 Chromatotropic acid - - 63.8 13.8 
2 Gallic acid - 17.31 16.9 - 
3 Caffeic acid  - - 7.4 - 
4 Vanillic acid 26.28 - - - 
5 4-hydroxy-3-methoxy benzoic acid 96.68 - 24.8 118.61 
6 p-coumaric acid - - - 10.15 
7 m-coumaric acid - - 3.1 - 
8 Syringic acid 51.34 - 9.21 - 
9 Ferulic acid - - - - 
10 Chlorogenic acid - - - - 
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benzoic acid (24.8 mg L-1), m-coumaric (3.1 mg L-1) and syringic acid (9.2 mgL-1) were 
detected in A. aspera whole plant extract compared with other plants (Table 4.10). 
4.2.2. Germination of parthenium 
 Data regarding various germination parameters of P. hysterophorus  as affected by 
application of different aqueous plant extracts are presented in table 4.11 which showed 
that significant differences exist among means of different plants, plant parts as well as 
their interaction. Germination percentage (GP) and germination index (GI) are directly 
related to germination performance of seed in terms of total number of seeds germinated 
and germination speed, respectively. Regarding over all germination inhibition 
performance, aqueous extracts of A. aspera and A. philoxeroides remained better by 
causing maximum reductions in GP (92% and 89.2%) and GI (98.28% and 98.24%), 
respectively compared with control (Table 4.11). Among plant parts, leaf extracts of all 
plants showed significantly the least values of germination percentage (25.8) and 
germination index (11.32).  
 As regard plant x plant part interaction means, significantly lowest values of GP 
and GI were observed in whole plant (5.0 and 0.73), leaf (5.0 and 1.09) and fruit (5.0 and 
1.64) extracts of A. aspera and leaf  extracts of D. metel (5.0 and 1.08) and A. 
philoxeroides (5.0 and 0.42), respectively (Table 4.11). These values remained 
statistically at par with those recorded in stem extracts of D. metel and A. aspera., and 
stem and whole plant extracts of A. philoxeroides for GP and in whole plant and stem 
extracts of D. metel, leaf extract of R. dentatus, all the plant part extracts of A. aspera, and 
stem and whole plant extracts of A. philoxeroides. Contrastingly, the highest GP (100.0) 
and GI (51.28) were given by control treatment where distilled water was applied instead 
of aqueous plant extracts.  
 Among all weed plants tested, A. philoxeroides showed maximum germination 
inhibition of parthenium by taking the highest MGT (11.79 days) and T50 (11.78 days) in 
contrast with control that gave the lowest MGT (2.23 days) and T50 (1.61 days) (Table 
4.11). Plant parts means over plants tested showed that aqueous extracts of leaf, stem and 
whole plant performed better than that of fruit in slowing down germination speed.  
 When comparing plant x plant parts means, leaf extract of A. philoxeroides 
produced significantly higher mean germination time (14 days) which was followed by its 
stem and whole plant extracts of A. aspera showing MGT of 11.88, 11.04 and 10.50 days, 
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Table 4.11: Effect of aqueous extracts of various plants and plant parts on 
germination indices of Parthenium hysterophorus L. at UAF during year 2012 
Plant Plant Part  GP (%) GI MGT (days) T50 (days) 
Control  
 
Distilled 
water 
100.0 a            51.28 a           2.23 m     1.61 i     
D. metel  
Whole plant 16.3 efg      3.38 efg     8.04 def            6.36 efg       
Root  38.8 d         12.3 d        5.37 ij        4.83 gh      
Stem  10.0 gh     1.81 fg        9.0 d              8.38 cd          
Leaf 5.0 h     1.08 g     7.5 efg           7.0 def        
Fruit  20.0 ef       5.38 e       6.31 ghi         6.17 fg       
R. dentatus  
Whole plant 92.5 a            25.82 c         5.92 hi         5.60 fgh      
Root 81.3 b           38.03 b          2.84 lm     1.905 i     
Stem  57.5 c          14.74 d        6.80 fgh          7.13 def        
Leaf 13.8 efg      2.76 efg     8.31 de             7.33 def        
Fruit  61.3 c          24.4 c         3.67  kl      2.26 i     
A. aspera  
Whole plant 5.0 h     0.73 g     10.50 c               10.00 bc           
Root 15.0 efg      3.13 efg     7.918 def            10.00 bc           
Stem  10.0 gh     2.04 fg     8.04 def            8.50 cd          
Leaf 5.0 h     1.09 g     7.50 efg           7.00 def        
Fruit  5.0 h     1.64 fg     4.50 jk       4.00 h      
A. philoxeroides  
Whole plant 12.5 fgh     1.76 fg     11.04 bc               10.88 b            
Root 21.3 e        4.48 ef      8.048 def            8.29 cde         
Stem  10.0 gh     1.23 fg     11.88 b                12.75 a             
Leaf 5.0 h     0.42 g     14.00 a                 13.50 a             
HSD  7.694      2.781      1.171      1.737      
Plant Means 
Control 100.0 A        51.28 A        2.23 D     1.61 E     
D. metel  18.0 C      4.79 C      7.25 B       6.55 C       
R. dentatus  61.3 B       21.15 B       5.51 C      4.85 D      
A. aspera  
8.0 D 
(92%)     
1.72 D 
(98.24%)     
7.68 B       7.90 B        
A. philoxeroides  
10.8 D  
(89.2%)    
1.66 D 
(98.28%)     
11.79 A 
 
11.78 A  
 
HSD  3.441      1.244      0.5237     0.7769     
Plant Part Means 
Whole plant 45.3 B       16.59 B       7.55 A       6.89 A      
Root  51.3 A        21.85 A      5.28 C     5.33 B     
Stem  37.53 C      14.22  C      7.58 A       7.67 A      
Leaf 25.8 D     11.32 D     7.91 A       7.29 A      
Fruit  38.3 C      16.63 B       6.14 B      5.51 B     
HSD  3.441      1.244      0.5237     0.7769     
In a column, values with different letters show significant difference (p ≤ 0.05) as determined by Tukey's honestly 
significant difference (HSD) test. 
GP = germination percentage, GI = germination index, MGT = mean germination time, T50 = time to 50% 
germination 
 82 
 
respectively (Table 4.11). Almost similar trend was seen in case of T50 whose 
significantly least values were recorded in leaf (13.5 days) and stem (12.75 days) extracts 
of A. philoxeroides. These were followed by whole plant extracts (10.88) of A. 
philoxeroides and whole plant and root extracts of A. aspera each of which produced 10 
days T50. In short, out of various aqueous plant extracts used in present study, P. 
hysterophorus germination inhibition performance in terms of GP and GI remained better 
by application of leaf extracts of all plants and whole plant and fruit extracts of A. aspera. 
However A. aspera and A. philoxeroides were proved to be better germination inhibitors 
of parthenium in terms of T50 and MGT. Germination inhibition by aqueous plant extracts 
of A. aspera at their higher concentration has also been reported by Chandra et al. (2011) 
in broad bean (Vicia faba L.). Mandal and Mondal (2011) also found that aqueous 
extracts from stem, root and leaves and inflorescence of A. philoxeroides were found to 
inhibit germination of pteridophyte Ampelopteris prolifera (Ketz.).  
Phase-II: Seedling growth bioassay for post-emergence phytotoxic effect 
4.2.3. Seedling growth of parthenium 
 Data regarding various seedling growth parameters of P. hysterophorus which 
show post emergence herbicidal potential of different aqueous plant extracts are presented 
in table 4.12 which revealed that lengths and weights of shoot and root significantly 
reduced by foliar spraying of these extracts compared with control in which distilled 
water was sprayed. Statistically significantly lowest shoot length (1.35 cm), shoot fresh 
weight (13.83 mg) and shoot dry weight (0.62 mg) of Parthenium seedlings were recorded 
from A. aspera whole plant extract with resultant 68.4 %, 91.4 % and 96.6 % reductions 
in shoot length, shoot fresh weight and shoot dry weight, respectively. These parameters 
remained statistically similar to those observed with R. dentatus leaf extract.  
 Regarding root growth parameters, R. dentatus leaf extract showed maximum root 
growth inhibition of P. hysterophorus by producing significantly least root length (1.65 
cm), root fresh weight (0.83 mg) and root dry weight (0.08 mg) along with reduction of 
70.5 %, 97.1 % and 96.4 % than control, respectively. These values did not differ 
significantly with those recorded in A. aspera whole plant. The overall seedling growth 
retarding effect as reflected by seedling length and biomass showed that maximum 
reduction in seedling length (68.8 %) was brought about by R. dentatus leaf extract 
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Table 4.12: Seedling growth parameters of Parthenium hysterophorus L. as influenced by foliar spray of herbaceous species aqueous 
extracts at UAF during year 2012 
Aqueous Extract 
Seedling Growth Parameters 
 SL (cm)  RL (cm) 
SFW 
(mg) 
SDW 
(mg) 
RFW 
(mg) 
RDW 
(mg) 
SDL 
(cm) 
SB 
(mg) 
SVI 
Control 4.27 A       5.60 A        160.8 A       18.40 A       28.50  A       2.20 A      9.87 A       20.60 A       986.7 A      
D. metel leaf extract 
3.98 A 
(6.8 %)*       
2.83 C 
(49.5 %)   
58.42 B 
(63.7 %)   
6.35 B 
(65.5 %)    
11.06   B 
(61.2 %)     
0.60 B 
(72.7 %)    
6.82 B 
(30.9 %)    
6.95 B 
(66.3 %)    
34.08 B 
(96.5 %)     
R. dentatus leaf extract 
1.43 C 
(66.5 %)    
1.65 D 
(70.5 %)   
19.08 C 
(88.1 %)     
1.32 C 
(92.8 %)   
0.83 C 
(97.1 %)  
0.08 B 
(96.4 %)   
3.08 C 
(68.8 %)  
1.40 C 
(93.2 %)  
43.50 B 
(95.6 %)   
A. aspera whole plant 
extract 
1.35 C 
(68.4 %)    
2.0 D 
(64.3 %)  
13.83 C 
(91.4 %)    
0.62 C 
(96.6 %)    
2.69 C 
(90.6 %)     
0.18 C 
(91.8 %) 
3.35 C 
(66.1 %)   
0.80 C 
(96.1 %)  
16.75 C 
(98.3 %)     
A. philoxeroides leaf extract  
2.42 B 
(43.3 %) 
3.71 B 
(33.8 %)      
49.50 B 
(69.2 %)    
3.69 BC 
(79.9 %)    
10.75 B 
(62.3 %)    
0.61 BC 
(72.3 %)  
6.13 B 
(37.9 %)    
4.30 BC 
(79.1 %)   
30.63 BC 
(96.9 %)   
HSD (at 5 % probability 
level) 
0.3081     0.6536     25.08      3.565      5.104      0.5202     0.7688     4.005      14.00      
In a column, values with different letters show significant difference (p ≤ 0.05) as determined by Tukey's honestly significant difference (HSD) test. 
*Figures in parenthesis show %  reduction over control in respective column. 
SL = shoot length, RL = Root length, SFW = Shoot fresh weight, SDW = shoot dry weight, RFW = Root fresh weight, RDW = root dry weight, SDL = seedling 
length, SB = seedling biomass, SVI = seedling vigor index 
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whereas maximum reduction in seedling biomass (96.1 %) was attained by A. aspera 
whole plant extract by giving values of 3.08 cm and 0.80 mg, respectively.  
 Data pertaining to seedling vigor index (SVI) given in table 4.12 revealed that A. 
aspera whole plant extract performed better than all other extracts in inhibiting 
germination and seedling growth of P. hysterophorus as it resulted in minimum SVI 
(16.75) with 98.3 % reduction compared with control. However, it remained statistically 
at par with that produced by A. philoxeroides leaf extract. In our study, it can be 
concluded that maximum growth inhibition of Parthenium seedling was accomplished by 
whole plant extract of A. aspera L. and R. dentatus leaf extract in terms of seedling length 
and biomass, respectively. However, cumulative inhibitory effect on both germination 
and seedling growth of parthenium as indicated by SVI was more pronounced with A. 
aspera and A. philoxeroides extracts. Reduction in root and shoot lengths and biomass of 
broad bean (Vicia faba L.) by aqueous plant extract of A. aspera at higher concentrations 
was also reported by Chandra et al. (2011) whereas retardation in seedling growth of   
Ampelopteris prolifera (Ketz.)- pteridophyte through application of aqueous extracts from 
stem, root and leaves and inflorescence of A. philoxeroides was found by Mandal and 
Mondal (2011). Seedling growth inhibition in terms of reduced plumule and radicle 
lengths of wheat and pea by application of aqueous extracts of root, stem and leaves of 
Rumex dentatus has also been documented by Umer et al. (2010). Javaid et al. (2010) in 
laboratory and foliar spray bioassay studies proved that aqueous extracts of Datura metel 
significantly reduced germination and seedling growth of P. hysterophorus. 
 Germination and seedling growth inhibitory effects of aqueous extracts of A. 
aspera and A. philoxeroides on parthenium in the present study might be due to presence 
of their higher phenolic concentrations (5778.5 and 2618.2 mg L-1, respectively) and wide 
variety of phytotoxic compounds present in them as revealed by their spectrophotometric 
and HPLC analyses (Tables 4.9 and 4.10). Data given in table 4.10 showed that higher 
concentrations of chromatotropic acid (63.8 and 13.8 mg L-1), gallic acid (16.9 mg L-1), 
caffeic acid (7.4 mg L-1), 4-hydroxy-3-methoxy benzoic acid (24.8 and 118.6 mg L-1), p-
coumaric acid (10.5 mg L-1), m-coumaric acid (3.1 mg L-1) and syringic acid (9.21 mg L-
1) were present in in aqueous extracts of A. aspera and A. philoxeroides, respectively. 
Achyranthine is the major alkaloid present in all parts of the plant body of A. aspera 
whereas other allelochemicals in various plant parts are phenolics oleonolic acid, 
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dihydroxy ketones, long chain compounds and saponin A & B (Neogi et al., 1970; Ali, 
1993; Rastogi and Mehrotra, 2004; Rameshwar and Akito, 2007; Srivastav et al., 2011). 
Experiment No. 2(b): Effect of aqueous leaf extracts of various tree / shrub species 
on P. hysterophorus L.  
Phase-I: Germination bioassay for pre-emergence phytotoxic effect 
4.2.4.  Biochemical characteristics of aqueous leaf extracts  of trees / shrubs  
 Biochemical characteristics of aqueous leaf extracts of various trees used in 
experiment have been presented in tables 4.13 and 4.14. Aqueous extracts with 5% (w/v) 
concentration of all trees showed higher ECs compared with those of their lower 
concentrations. Among all trees, the highest EC (6.48 dS m-1) and phenolic concentration 
(6655.1 mg L-1) were recorded in 5% aqueous leaf extract of Ricinus communis. It was 
followed by 5% aqueous leaf extracts of Ziziphus jujuba and Ziziphus mauritiana with 
2.26 and 2.98 dS m-1 ECs and 3794.7 and 3356.4 mgL-1 phenolic concentrations, 
respectively (Table 4.13). However, the lowest EC (0.84) and phenolic concentration 
(2110.7) were noted in 5% aqueous leaf extracts of Eugenia jambolana.  
 Regarding individual phenolic acid concentrations of 5% aqueous extracts of 
aqueous leaf extracts of tree / shrub species, maximum variety of phenolic compounds 
namely gallic acid (97.46 mg L-1), vanillic acid (93.48 mg L-1), ferulic acid (1852.2 mg L-
1) and chlorogenic acid (372.56 mg L-1) were detected in aqueous leaf extract of Z. jujuba 
(Table 4.10). However, among other trees, gallic acid, caffeic acid, 4-hydroxy-3-methoxy 
benzoic acid, p-coumaric acid, chromatotropic acid and chlorogenic acid were detected 
with varied levels. 
4.2.5. Germination of parthenium 
 Means across trees and concentrations of P. hysterophorus germination 
parameters as affected by application of different aqueous tree leaf extracts are presented 
in table 4.15 which showed that significant differences exist among means of different 
plants and plant parts.  
 Germination percentage (GP) and germination index (GI) are directly related to 
germination performance of seed in terms of total number of seeds germinated and 
germination speed, respectively. Regarding over all germination inhibition performance, 
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Table 4.13: Comparison of pH, EC and total phenolic concentration of aqueous leaf 
extracts of tree / shrub species at UAF during year 2012 
Tree / Shrub 
Concentration 
(% w/v) 
pH 
EC 
(dS m-1) 
Concentration of 
total phenolics 
(mg L-1) 
Eugenia jambolana  
1 8.4 0.23 - 
2 8.7 0.41 - 
3 8 0.59 - 
4 8.7 0.71 - 
5 8.5 0.84 2110.7 
Ricinus communis  
1 8.8 1.81 - 
2 8.9 2.76 - 
3 9.1 4.05 - 
4 8.9 5.22 - 
5 8.9 6.48 6655.1 
Ziziphus jujuba  
1 8.3 0.45 - 
2 8.5 1.06 - 
3 8.9 1.42 - 
4 8.7 1.89 - 
5 8.9 2.26 3356.4 
Ziziphus mauritiana  
 
1 8.5 0.78 - 
2 8.8 1.23 - 
3 8.4 1.93 - 
4 8.9 2.32 - 
5 8.7 2.98 3794.7 
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Table 4.14: Phenolic composition of 5% (w/v) aqueous leaf extracts of tree / shrub 
species at UAF during year 2012 
Sr. 
No. 
Phenolics 
Concentration (mg L-1) 
E. jambolana R. communis Z. jujube Z. mauritiana 
1 Gallic acid - 7.61 97.46 - 
2 Caffeic acid  - 31.42 - 548.2 
3 
4-hydroxy-3-
methoxy benzoic 
acid 
69.33 59.57 - - 
4 p-coumaric acid 7.73 - - 17.28 
5 m-coumaric acid - - - - 
6 
Chromatotropic 
acid 
- - - 334.6 
7 Vanillic acid - - 93.48 - 
8 Syringic acid - - - - 
9 Ferulic acid - - 1852.20 - 
10 Chlorogenic acid 40.68 - 372.56 - 
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Table 4.15: Germination inhibition performance of different tree extracts in 
interaction with their varied concentration at UAF during year 2012 
Tree / Shrub GP GI MGT (days) T50 (days) 
Control (distilled water) 85.0 a         37.7 a 2.8 c 2.3 c 
Z. jujuba  30.5 c 
(64 %)       
10.2 c  
(73 %) 
5.7 b 
(104 %) 
4.8 b 
(109 %) 
E. jambolana  56.0 b  
(34 %)       
23.8 b 
(37 %) 
3.3 c 
(18 %) 
2.8 c  
(22 %) 
R. communis L.  18.0 e  
(79 %)     
4.0 e 
(89 %) 
8.7 a 
(211 %) 
8.4 a 
(265 %) 
Ziziphus mauritiana L. 24.8 d  
(71 %)      
7.5 d 
(80 %) 
8.3 a 
(196 %) 
8.1 a 
(252 %) 
HSD  3.45      1.53 0.88 1.15 
Concentration of aqueous extract 
1 % leaf extract 62.0 a         24.9 a 4.2 c 3.4 d 
2 % leaf extract 50.8 b        19.5 b 4.4 c 4.2 cd 
3 % leaf extract 38.8 c       14.8 c 5.7 b 5.2 bc 
4 % leaf extract 33.5 d      12.6 d 6.3 b 5.9 b 
5 % leaf extract 29.5 e     11.5 d 8.2 a 7.7 a 
HSD  3.45 1.53 0.88 1.15 
GP = germination percentage, GI = germination index, MGT = mean germination time, T50 = time to 50% 
germination, In a column, values with different letters show significant difference (p ≤ 0.05) as determined 
by Tukey's honestly significant difference (HSD) test. 
 89 
 
aqueous extracts of R. communis remained significantly better by causing maximum 
reduction in GP (79 %) and GI (89 %) compared with DWTC. 
 Among all concentrations, 4 % and 5 % (w/v) aqueous extracts showed 
significantly the least values of GP (33.5 and 29.5) and GI (12.6 and 11.5), respectively. 
Aqueous extracts concentrations showed a highly significant negative relationship with 
GP (R2 = 0.95) and GI (R2 = 0.94) as revealed by regression analyses (Figures 4.3 and 
4.4).   
 As regard trees x concentration interaction means, significantly lower values of 
GP (5 %) and GI (0.6) were observed in 5 % aqueous extract of R. communis (Figure 4.5). 
Based on data of GP of P. hysterophorus, dose-response relationship from probit 
regression analysis revealed that LC50 of aqueous leaf extracts of R. communis, Z. 
mauritiana, Z. jujuba and E. jambolana was valued at 1.04, 1.44, 1.77 and 3.71%, 
respectively (Table 4.16). Contrastingly, the highest germination percentage (85.0) and 
germination index (37.6) were given by control treatment where distilled water was 
applied instead of aqueous plant extracts.  
 Among all tree / shrub species tested, R. communis and Z. mauritiana showed 
maximum germination inhibition of P. hysterophorus by taking the highest MGT (8.7 
days) and T50 (8.4 days) in contrast with control that gave the lowest MGT (2.8 days) and 
T50 (2.3 days). Among all concentrations tested, 5 % aqueous extracts performed better in 
slowing down germination speed (Table 4.15). A highly significant positive relationship 
of MGT (R2 = 0.94) and T50 (R2 = 0.96) exists with aqueous extracts concentrations as 
shown by their regression analyses (Figures 4.6 and 4.7). 
 When comparing tree x concentration means, 5 % aqueous extract of Z. 
mauritiana produced significantly higher MGT and T50 (12.9 days each) which was 
followed by 5 % aqueous extract of R. communis and 4 % aqueous extract of Z. 
mauritiana in both parameters (Figure 4.8). On the other side, the quickest MGT and T50 
were taken by control treatment receiving distilled water.  
 In short, out of various aqueous tree leaf extracts used in present study, P. 
hysterophorus germination inhibition performance in terms of germination percentage 
and germination index remained better with R. communis leaf extract whereas Z. 
mauritiana proved to be the best germination inhibitor of Parthenium in terms of mean 
time and time taken to 50 % germination. Germination inhibition by aqueous leaf extracts 
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Figure 4.3: Regression analysis of germination percentage of Parthenium 
hysterophorus L. as affected by various concentrations of aqueous extracts of tree / 
shrub leaves in year 2012 at UAF 
  
 
 
Figure 4.4: Regression analysis of germination index of Parthenium hysterophorus L. 
as affected by various concentrations of aqueous extracts of tree / shrub leaves in 
year 2012 at UAF 
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Figure: 4.5:  Influence of aqueous extracts of tree leaves on (a) germination 
percentage (GP) and (b) germination index (GI) of P. hysterophorus in year 2012 at 
UAF
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Table 4.16: Median lethal concentration (LC50) values of aqueous extracts of tree / 
shrub species against P. hysterophorus 
Sr. 
No. 
Tree / Shrub species LC50 (Dose-response 
relationship) 
1.  R. communis 1.04% 
2.  Z. mauritiana 1.44% 
3.  Z. jujuba 1.77% 
4.  E. jambolana 3.71% 
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Figure 4.6: Regression analysis of mean germination time of Parthenium 
hysterophorus L. as affected by various concentrations of aqueous extracts of tree / 
shrub leaves in year 2012 at UAF 
 
 
 
Figure 4.7: Regression analysis of time to 50% germination of Parthenium 
hysterophorus L. as affected by various concentrations of aqueous extracts of tree / 
shrub leaves in year 2012 at UAF
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Figure: 4.8:  Influence of aqueous extracts of tree leaves on (a) mean germination 
time (MGT) and (b) time to 50 % germination (T50) of P. hysterophorus in year 2012 
at UAF  
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of R. communis has also been reported by Hong et al. (2003) and Hongyun et al. (2008) 
in radish and three paddy weeds (E. crus-galli, Pycreu sanguinolentus and Bidens 
tripartite), respectively whereas by aqueous leaf extracts of Z. mauritiana in cowpea 
(Vigna unguiculata) and fenugreek (Trigonella foenum-graecum by Saroj and Purohit 
(2009) and in Brassica juncea L. by Ram and Agarwal (2011). 
Phase-II: Seedling growth bioassay for post-emergence phytotoxic effect 
4.2.6. Seedling growth of parthenium 
 Data regarding various seedling growth parameters of P. hysterophorus which 
show post emergence herbicidal potential of different aqueous tree / shrub extracts are 
presented in table 4.17. It revealed that lengths and weights of shoot and root were 
significantly reduced by foliar spraying of these extracts compared with control in which 
distilled water was sprayed. Significantly lowest shoot length (1.85 cm), shoot fresh 
weight (23.5 mg) and shoot dry weight (1.7 mg) were recorded in parthenium seedlings 
sprayed with R. communis extract with resultant 57%, 85% and 91% reductions in shoot 
length, shoot fresh weight and shoot dry weight, respectively. Statistically similar values 
of parthenium shoot length were observed in treatments receiving foliar spray of Z. jujuba 
extract; shoot fresh weight in Z. jujuba and E. jambolana extracts; and shoot dry weight 
Z. jujuba, E. jambolana and Z. mauritiana extracts. 
 Regarding root growth parameters, Z. mauritiana leaf extract showed maximum 
root growth inhibition of P. hysterophorus by producing significantly least root length 
(2.33 cm), root fresh weight (8.2 mg) and root dry weight (0.43 mg) along with 
subsequent reductions of 87 %, 71 % and 80 % than control, respectively (Table 4.17). 
These values did not differ significantly with those recorded with E. jambolana in case of 
root length; and R. communis, Z. jujuba and E. jambolana in case of root fresh and dry 
weights. The overall seedling growth retarding effect as reflected by seedling length and 
biomass showed that maximum reduction in seedling length (47 %) was brought about by 
Z. mauritiana leaf extract whereas maximum reduction in seedling biomass (88 %) was 
attained by R. communis leaf extract by giving values of 5.28 cm and 2.4 mg, 
respectively. However, these values remained statistically at par with those observed with 
E. jambolana and R. communis leaf extracts in case of seedling length and Z. jujuba, E. 
jambolana and R. communis leaf extracts in case of seedling biomass. Data pertaining to 
seedling vigor index (SVI) are also presented in table 4.17.
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Table 4.17: Seedling growth parameters of P. hysterophorus as influenced by foliar spray of tree / shrub species aqueous extracts at UAF 
during year 2012  
Aqueous Extract 
Seedling Growth Parameters 
 SL (cm)  RL (cm) 
SFW 
(mg) 
SDW 
(mg) 
RFW 
(mg) 
RDW 
(mg) 
SDL 
(cm) 
SB (mg) SVI 
Control (distilled water) 4.27 a 5.60 a 160.8 a 18.4 a 28.5 a 2.20 a 9.87 a 20.6 a 839.9 a 
Z. jujuba  2.02 d 
(53 %)* 
5.08 a 
(72 %) 
31.0 c 
(81 %) 
 
2.9 b 
(84 %) 
 
11.2 b 
(61 %) 
 
0.78 b 
(65 %) 
 
7.10 b 
(28 %) 
 
3.7 b 
(82 %) 
 
43.7 c 
(95 %) 
 
E. jambolana  2.40 c 
(44 %) 
3.10 bc 
(83 %) 
39.8 c 
(75 %) 
 
2.4 b 
(87 %) 
 
11.7 b 
(59 %) 
 
0.63 b 
(71 %) 
 
5.50 c 
(44 %) 
 
3.0 b 
(85 %) 
 
226.3 b 
(73 %) 
 
R. communis  1.85 d 
(57 %) 
3.88 b 
(79 %) 
23.5 c 
(85 %) 
1.7 b 
(91 %) 
10.3 b 
(64 %) 
0.67 b 
(70 %) 
5.73 c 
(42 %) 
2.4 b 
(88 %) 
28.7 c 
(97 %) 
Z. mauritiana  2.95 b 
(31 %) 
2.33 c 
(87 %) 
68.0 b 
(58 %) 
4.5 b 
(76 %) 
8.2 b 
(71 %) 
0.43 b 
(80 %) 
5.28 c 
(47 %) 
4.9 b 
(76 %) 
52.8 c 
(94 %) 
HSD ( at 5 % probability 
level) 
0.266 0.924 23.839 2.996 5.755 0.576 0.928 3.500 81.81 
In a column, values with different letters show significant difference (p ≤ 0.05) as determined by Tukey's honestly significant difference (HSD) test. 
*Figures in parenthesis show %  reduction over control in respective column. 
SL = shoot length, RL = Root length, SFW = Shoot fresh weight, SDW = shoot dry weight, RFW = Root fresh weight, RDW = root dry weight, SDL = seedling 
length, SB = seedling biomass, SVI = seedling vigor index 
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Data revealed that R. communis leaf extracts performed better than all other extracts in 
inhibiting germination and seedling growth of P. hysterophorus as it resulted in minimum 
SVI (28.7) with 97 % reduction compared with control. However, it remained statistically 
similar with that produced by Z. jujuba and Z. mauritiana leaf extract. 
 In brief, maximum growth inhibition of parthenium seedling was accomplished by 
Z. mauritiana and R. communis leaf extract in terms of seedling length and biomass, 
respectively. However, cumulative inhibitory effect on both germination and seedling 
growth of Parthenium as indicated by seedling vigor index was more pronounced with R. 
communis leaf extracts.  Reduction in root and shoot lengths and biomass of E. crus-galli, 
Pycreu sanguinolentus and Bidens tripartite by aqueous leaf extract of R. communis was 
also reported by Hongyun et al. (2008) whereas retardation in seedling growth of radish 
through application of aqueous extracts from leaves of R. communis was also found by 
Hong et al. (2003). Seedling growth inhibition in terms of reduced plumule and radicle 
lengths by application of aqueous leaf extract of leaves of Z. mauritiana in cowpea and 
fenugreek; and in B. juncea  has also been documented by Saroj and Purohit (2009) and 
Ram and Agarwal (2011), respectively.  
 Germination and seedling growth inhibitory effects of 5% aqueous leaf extracts of 
R. communis and Z. mauritiana on parthenium could be due to their higher ECs (6.48 & 
2.98 dS m-1); higher total phenolic contents (6655.1 & 3794.7 mg L-1), respectively; and 
complex interaction of phytotoxic compounds present such as gallic (7.61 mg L-1), caffeic 
(31.42 mg L-1) and 4-hydroxy-3-methoxy benzoic acids in R. communis, and caffeic 
(548.2 mg L-1), p-coumaric (17.28 mg L-1) and chromatotropic (334.6 mg L-1) acids in Z. 
mauritiana extracts (Tables 4.13 and 4.14). The probable mechanisms of action of these 
phenolic compounds include decreased activities of phosphorylases and proteases (Rice, 
1974; Batish et al., 2008), photosynthetic rate and chlorophyll contents (Patterson, 1981) 
and increased cell membrane permeability (Politycka, 1997). Germination and growth 
suppressive action of solutions with higher EC and osmotic potential on account of 
limiting water uptake rates has also been reported by Shaw et al. (1991), Chachalis and 
Reddy (2000) and Aziz et al. (2008).  
 Previous phytochemical investigations also confirmed the presence of alkaloids, 
tannins, saponins, steroids, glycosides, flavonoids, resins and terpenoids in higher 
concentrations in R. communis leaves (Ugwoke and Ezugwe, 2010) whereas  
triterpenoids, alkaloids, phenolics, catechins, flavonoids, saponins, tannins and amino 
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acids in different plant parts of Z. mauritiana (Kalidoss and Krishnamoorthy, 2011; 
Memon et al., 2012).  
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FIELD EXPERIMENTS 
4.3. Experiment No. 3: Effect of different densities of Parthenium hysterophorus L. 
on growth and yield of maize (Zea mays L.)  
 Results of parameters regarding parthenium weed (fresh and dry weight, NPK 
content and NPK uptake) and maize crop (plant population, plant height, number of cobs 
per plant, number of grains per cob, 100-grain weight, grain weight per cob, biological 
yield, grain yield, harvest index, grain protein and grain oil content) as affected by 
competition by different parthenium densities in maize are described below:   
 
4.3.1. Effect of parthenium weed density on its fresh weight (g m-2)  
Effect of parthenium weed density on its fresh weight (g m-2) in maize is 
presented in table 4.3.1. The data indicated that year effect was significant. With increase 
in P. hysterophorus density from 5 to 20 plants m-2, its fresh weight also increased 
linearly during both years of study. The maximum P. hysterophorus fresh weight (847.5 
and 985.3 g m-2) was noted with parthenium density of 20 plants m-2 during year 2012 
and 2013, respectively which was statistically different from those observed with all other 
P. hysterophorus densities. Contrastingly, minimum parthenium fresh weight (195.7 and 
225.6 g m-2) was produced by the lowest P. hysterophorus density (5 plants m-2) during 
years 2012 and 2013, respectively. In trend comparison of different parthenium weed 
densities (5 to 20 plants m-2), only linear trend was found to be significant during both 
years of study.  
These findings are supported by those of Cortés et al. (2010) who also reported 
that biomass yield (kg m-2) of velvetleaf (Abutilon theophrasti M.), a broadleaf weed was 
increased by increasing its density from 0 to 25 plants m-2 in cotton. However, in contrary 
to our results, Hussain et al. (2011) found an increase in common cocklebur (Xanthium 
strumarium) biomass m-2 by increasing its density from 0 to 8 plants m-2 but a gradual 
decline in its dry weight ha-1 above this density level in maize fodder. Contradiction of 
present results with those of Hussain et al. (2011) was attributed due to dissimilar P. 
hysterophorus and X. strumarium canopy architecture. Leaves of X. strumarium are 
broader and droopy than those of parthenium that may cause more shading effect. 
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Table 4.3.1. Fresh weight of P. hysterophorus (g m-2) at its different densities in maize 
at UAF  
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) ----- ----- 
5  195.7 d 225.6 d  
10  410.7 c 501.1 c  
15  576.1 b 699.3 b   
20  847.5 a 985.3 a  
HSD 101.680 78.063 
Year 507.51 B 602.80 A 
HSD 104.28 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS NS 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Moreover, higher number of crop plants per m2 in forage maize compared with grain 
maize might had aggravated competition stress. 
 
4.3.2. Effect of parthenium weed density on its dry weight (g m-2)  
The data related to dry weight of P. hysterophorus at its different density levels in 
maize are presented in table 4.3.2. Year effect was found to be non-significant therefore 
data of both years were pooled to get averages across years. A perusal of data revealed 
that dry weight of P. hysterophorus was significantly influenced by varying P. 
hysterophorus densities. A gradual linear incline in P. hysterophorus dry weight was 
observed with increase in its density from 5 to 20 plants m-2. Significantly the highest dry 
weight (174.3 g m-2) of P. hysterophorus was recorded in plots where P. hysterophorus 
density was kept 20 plants m-2 which was followed by that observed with P. 
hysterophorus densities of 15, 10 and 5 plants m-2. However, the lowest P. hysterophorus 
dry weight of 36.44 g m-2 was noted with a density of 5 plants m-2. Trend comparison of 
different weed-crop competition periods (3 to 7 weeks) showed that only linear trend 
regarding parthenium biomass was significant.  
These results are in line with those of Cortés et al. (2010) who also found that in 
response to increasing density of A. theophrasti weed from 0 to 25 plants m-2 in cotton 
crop, weed dry weight (kg ha-1) also increased. Similarly, Morales-Payan (2000) also 
observed an increase in weed biomass of P. hysterophorus with increasing population 
density from 0 to 12 plants m-2 of this weed in tomato (Lycopersicon esculentum Mill.). 
However, Hussain et al. (2011) demonstrated that by increasing X. strumarium weed 
density from 0 to 8 plants m-2 in maize fodder, weed dry weight m-2 increased but above 
this density level, weed dry weight ha-1 gradually declined. The disagreement of our 
results with those of Hussain et al. (2011) was probably due to differences in canopy 
structure of P. hysterophorus and X. strumarium that has broader leaves than parthenium. 
Moreover, plant population in maize forage crop was very higher than in maize grain crop 
that created higher competition stress.  
 
4.3.3. Effect of parthenium weed density on its NPK contents (%)  
Nitrogen (N), phosphorus (P) and potash (K) are primary macronutrients which 
are required by plants in larger quantities. Data pertaining to N, P and K contents (%) of 
P. hysterophorus are presented in the tables 4.3.3, 4.3.4 and 4.3.5, respectively. Year 
effect remained statistically significant with respect to N, P and K contents therefore data 
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Table 4.3.2. Dry weight of P. hysterophorus (g m-2) at its different densities in maize 
at UAF 
Parthenium weed density (plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) ----- 
5  36.44 d     
10  82.58 c      
15  115.6 b       
20  174.3 a        
HSD 26.177 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.3. Nitrogen content (%) of P. hysterophorus at its different densities in maize 
at UAF. 
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) ----- ----- 
5  4.49 a 5.33 a 
10  4.28 ab 4.83 ab 
15  4.14 b 4.70 ab 
20  4.07 b 4.35 b 
HSD 0.281 0.640 
Year 4.25 B 4.80 A 
HSD 0.169 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS NS 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.4. Phosphorus content (%) of P. hysterophorus at its different densities in 
maize at UAF. 
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) ----- ----- 
5  0.85 a 0.55 a 
10  0.62 b 0.48 a 
15  0.53 b 0.43 a 
20  0.52 b 0.24 b 
HSD 0.134 0.119 
Year 0.63 A 0.42 B 
HSD 0.115 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  * NS 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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Table 4.3.5. Potassium content (%) of P. hysterophorus at its different densities in 
maize at UAF. 
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) ----- ----- 
5  5.02 a 3.89 a 
10  4.38 b 3.39 ab 
15  3.93 c 3.02 b 
20  3.78 c 2.90 b 
HSD 0.391 0.567 
Year 4.28 A 3.30 B 
HSD 0.474 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS NS 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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of individual years were discussed. Data indicated that various parthenium densities 
significantly affected NPK contents of this weed during both years of study. Among 
different P. hysterophorus densities, higher NPK contents (%) of this weed were recorded 
with the lowest parthenium density (5 plants m-2) during both the years of study. A linear 
decline was observed in the NPK contents (%) of P. hysterophorus with increase in P. 
hysterophorus density from 5 to 20 plants m-2. However, the lowest NPK contents of P. 
hysterophorus were noted at its highest density (20 plants m-2) during both the years of 
study. In trend comparisons of different parthenium weed densities (5 to 20 plants m-2), 
only the linear trend was significant for N, P and K contents during the year 2013. 
However, during year 2012, except P content, only linear trend was significant for all 
nutrients while P content showed both linear and quadratic trends to be significant. 
Due to its competitive growth habit, P. hysterophorus is considered efficient in 
uptake of NPK. Decrease in NPK content of P. hysterophorus with increase in its density 
might possibly be the result of more severe intra- and inter-specific plant competition for 
same nutrient resources at higher plant densities. Similar results were also obtained by 
Wágner and Erzsébet (2007) who reported that by increasing the densities of redroot 
pigweed (Amaranthus retroflexus L.), wild mustard (Sinapis arvensis L.) and common 
lambsquarters (Chenopodium album L.) in green pea; their N, P and K-content showed a 
decreasing trend. 
 
4.3.4. Effect of parthenium weed density on its NPK uptake (kg ha-1) 
Tables 4.3.6, 4.3.7 and 4.3.8 contain data relevant to N, P and K uptake (Kg ha-1), 
respectively by P. hysterophorus as affected by its different density levels. Data of N and 
K uptake by P. hysterophorus were non-significantly different among both years 
therefore 2-year data were pooled and means were discussed. However, year effect 
regarding P. hysterophorus P-uptake was found to be significant therefore data of 
individual years were presented and described. A successive linear increase in N-uptake 
by parthenium was noticed by increasing its density from 5 to 20 plants m-2 (Table 4.3.6). 
Parthenium hysterophorus density of 20 plants m-2 gained significantly the highest uptake 
of N (73.64 kg ha-1) while it was followed by 15 plants m-2 (51.24 kg ha-1) and 10 plants 
m-2 (37.7 kg ha-1) P. hysterophorus densities. In contrast, the minimum N uptake by P. 
hysterophorus (17.75 kg ha-1) was attained at P. hysterophorus density of 5 plants m-2. In 
trend comparisons of different parthenium weed densities (5 to 20 plants m-2), only linear 
trend was significant.  
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Table 4.3.6. Nitrogen uptake (kg ha-1) of P. hysterophorus at its different densities in 
maize at UAF. 
Parthenium weed density (plants m-2)  
Two year (2012 and 
2013) average 
No parthenium (Control) ----- 
5  17.75 d     
10  37.70 c      
15  51.24 b       
20  73.64 a        
HSD 12.369 
 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.7. Phosphorus uptake (kg ha-1) of P. hysterophorus at its different densities in 
maize at UAF. 
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) ----- ----- 
5  3.24 c 1.85 b 
10  5.11 bc 3.98 a 
15  5.89 b 4.29 a 
20  8.94 a 5.19 a 
HSD 2.063 1.682 
Year 5.80 A          3.83 B            
HSD 1.238 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS * 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.3.8. Potassium uptake (kg ha-1) of P. hysterophorus at its different densities in 
maize at UAF. 
Parthenium weed density (plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) ----- 
5  16.38 c 
10  32.17 b 
15  39.94 b      
20  57.72 a       
HSD 9.387 
Trend comparison of different parthenium weed densities   
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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These results are supported by the research findings of Lehoczky and Reisinger 
(2003) who also found that N uptake by broad-leaf weeds (Datua stramonium L., 
Cannabis sativa L., Amaranthus chlorostachis Willd., Chenopodium album L. and 
Chenopodium hybridum L. ) increased with increasing their densities in maize crop.  
 Results showing effect of P. hysterophorus density on the P uptake (kg ha-1) by P. 
hysterophorus are presented in table 4.3.7. Data indicate that P uptake by parthenium 
plants showed a linear increasing trend as parthenium density was increased from 5 to 20 
plants m-2. The highest P uptake (8.94 and 5.19 kg ha-1) by P. hysterophorus was 
observed at its density (20 plants m-2) during year 2012 and 2013, respectively. The 
lowest P uptake (3.24 kg ha-1 in 2012 and 1.85 kg ha-1 in year 2013) was noted in plots 
where P. hysterophorus density was kept minimum (5 plants m-2). In trend comparisons 
of different parthenium weed densities, the linear and quadratic trends were significant 
during year 2013. However, only linear trend was significant during year 2012.   
Lehoczky and Reisinger (2003) also observed that P uptake by broad-leaf weeds 
(Datua stramonium L., Cannabis sativa L., Amaranthus chlorostachis Willd., 
Chenopodium album L. and Chenopodium hybridum L. ) in maize crop was higher at 
their higher densities.  
The data presented in the table 4.3.8 highlighted that P. hysterophorus density 
significantly affected K uptake by P. hysterophorus. Like N and P, K uptake also 
increased significantly in a linear fashion. Among different parthenium densities, 20 
parthenium plants attained significantly higher K uptake (57.72 kg ha-1). The lowest K 
uptake (16.38 kg ha-1) by P. hysterophorus was achieved at its density of 5 plants m-2. 
Trend comparisons of different parthenium weed densities (5 to 20 plants m-2) showed 
that only linear trend was significant.  
These results are in accordance with the research findings of Lehoczky 
and Reisinger (2003) who reported that at higher population densities of Datua 
stramonium L., Cannabis sativa L., Amaranthus chlorostachis Willd., Chenopodium 
album L. and Chenopodium hybridum L. in maize, K uptake by weeds was higher 
compared to lower weed populations.  
 
4.3.5. Effect of parthenium weed density on plant population (m-2) of maize 
Plant population is an important yield component of crop which adds positively to 
overall yield of any crop. Data regarding plant population of maize as influenced by P. 
hysterophorus density did not differ significantly between two years of study therefore 
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they were pooled to get 2-year means. The data presented in the table 4.3.9 highlighted 
that there was non-significant effect of various P. hysterophorus densities on plant 
population of maize during both experimental years. Non-significant difference in plant 
population of maize among different parthenium plant densities was due to maintenance 
of uniform plant to plant and row to row distance at crop sowing.  
 
4.3.6. Effect of parthenium weed density on plant height of maize 
Data relevant to plant height of maize as influenced by various P. hysterophorus 
densities are presented in table 4.3.10. As year effect was found to be non-significant thus 
data of both years were pooled to get two-year means. Data showed that there was 
significant reduction in plant height of maize with increasing P. hysterophorus densities. 
The highest plant height of maize (217.4 cm) was recorded in control treatment where no 
P. hysterophorus plant was allowed to compete with crop. However, a significant decline 
in it was not noted until parthenium density was increased beyond 15 plants per m2. In 
trend comparisons of different parthenium weed densities (5 to 20 plants m-2), the linear 
trend was significant, whereas quadratic and cubic trends were found non-significant. 
The successive decline in plant height of maize with increase in P. hysterophorus 
density could be the result of increased inter-specific competition between crop and weed 
for similar growth factors. These results are in line with those of Sarabi et al. (2013) who 
also noted that plant height of maize decreased significantly at 16 to 20 C. album plant 
density. However, non-significant differences in plant height of tomato at varying plant 
densities of P. hysterophorus have been noticed by Morales-Payan (2000). In another 
study, Hussain et al. (2011) reported that plant height of forage maize increased with 
increase in plant density of X. strumarium from 0 to 6 plants m-2 but it gradually reduced 
when density of this weed was increased above 6 plants m-2.   
 
4.3.7. Effect of parthenium weed density on number of cobs per plant of maize 
Number of cobs in maize is essentially a genetically controlled factor which may 
sometimes be influenced to a lesser extent by prevailing environmental conditions. Maize 
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Table 4.3.9. Effect of different parthenium densities (plants m-2) on plant population 
(m-2) of maize at UAF. 
Parthenium weed density (plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 7.88   
5  7.63   
10  7.50   
15  7.38   
20  7.38   
HSD NS 
Trend comparison of different parthenium weed densities   
Linear  NS 
Quadratic  NS 
Cubic  NS 
NS = non-significant according to Tukey's honestly significant difference (HSD) test at p 
< 0.05. 
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Table 4.3.10. Effect of different parthenium densities (plants m-2) on plant height (cm) 
of maize at UAF. 
Parthenium weed density (plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 217.4 a      
5  206.5 a      
10  206.9 a      
15  203.8 ab     
20  190.3 b     
HSD 15.19 
 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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hybrid DK-919 usually bears only one cob. Table 4.3.11 indicates that there was 
significant difference in number of cobs per plant between two years whereas non-
significant difference among different parthenium densities. Our results are in close 
conformity to those of Nadeem et al. (2010) who also found that number of cobs of 
hybrid maize was non-significantly affected by competition with mixed weed flora.  
 
4.3.8. Effect of parthenium weed density on number of grains per cob of maize 
Number of grains per cob is an important yield component that contributes 
positively to final grain yield of maize. Genetic and environmental factors influence it in 
direct or indirect manner. Data related to number of grains per cob remained statistically 
at par between two years therefore 2-year means were obtained by pooling up data of both 
years. Two-year average data regarding number of grains per cob of maize (Table 4.3.12) 
indicated that P. hysterophorus density significantly affected it. A gradual decline in 
number of grains per cob of maize was recorded with increase in P. hysterophorus 
density. Maize plants from weed free plots produced the highest number of grains per cob 
(567.1). This value did not significantly reduce until P. hysterophorus density reached up 
to 10 plants m-2. While, the lowest number of grains per cob (428.4) of maize was 
observed at P. hysterophorus density of 20 plants m-2. In trend comparisons of different 
parthenium weed densities, the linear tend was significant but quadratic and cubic trends 
were non-significant.  
Reduced number of grains of maize at higher population densities of P. 
hysterophorus was probably due to more severe weed-crop competition during maize ear 
development and fertilization stages. A linear decline in maize grain number per cob by 
gradual increase in X. strumarium density from 0 to 16 plants m-2 was also reported by 
Karimmojeni et al. (2010).  
 
4.3.9. Effect of parthenium weed density on 100-grain weight (g) of maize 
Non-significant difference was observed between two years regarding 100-grain 
weight of maize hence their data were pooled to get average. Two-year mean data 
regarding 100-grain weight of maize given in table 4.3.13 showed a significant linear 
decline in 100-grain weight of maize with increasing density of P. hysterophorus. 
Significantly, the highest 100-grain weight (35.94 g) of maize was obtained from plots 
which were kept weed free. However, by increasing P. hysterophorus density up to 5 
plants m-2, 100-grain weight of maize was significantly reduced. But increase in P. 
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Table 4.3.11. Effect of different parthenium densities (plants m-2) on number of cobs 
per plant of maize at UAF. 
Parthenium weed density (plants m-2)  2012 2013 
No parthenium (Control) 1.20  1.00 
5  1.00  1.00 
10  1.08  1.00 
15  1.15  1.00 
20  1.00  1.00 
HSD NS NS 
Year 1.09 A 1.00 B 
HSD 0.07 
Trend comparison of different parthenium weed densities  
Linear  NS NS 
Quadratic  NS NS 
Cubic  NS NS 
Means followed by the same letter did not differ significantly according to Tukey's 
honestly significant difference (HSD) test at p < 0.05; NS indicates non-significant at p < 
0.05. 
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Table 4.3.12. Effect of different parthenium densities (plants m-2) on number of grains 
per cob of maize at UAF. 
Parthenium weed density (plants m-2)  
Two year (2012 and 
2013) average 
No parthenium (Control) 567.1 a       
5  551.5 ab      
10  493.0 bc     
15  477.7 c     
20  428.4 c 
HSD 65.509 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.13. Effect of different parthenium densities (plants m-2) on 100-grain weight 
(g) of maize at UAF 
Parthenium weed density (plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 35.94 a      
5  30.05 b     
10  30.96 b     
15  29.85 b     
20  28.34 b     
HSD 3.901 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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hysterophorus density from 5 to 20 plants m-2 did not produced significant decline in 100-
grain weight of maize. The lowest 100-grain weight (28.34 g) of maize was recorded with 
parthenium density of 20 plants m-2. Trend comparisons of different parthenium weed 
densities showed that only the linear trend with respect to this parameter was significant.  
The significant decrease in 100-grain weight of maize by increasing parthenium 
weed density from 0 to 5 plants m-2 could be the result of stress by parthenium 
competition especially at grain filling stage of maize. However, non-significant decline in 
100-grain weight with further increase in parthenium density might be attributed to same 
parthenium-maize competitive ability at all parthenium weed densities. Karimmojeni et 
al. (2010) also found a linear reduction in grain weight of maize with Datura stramonium 
at 4, 8, 12 and 16 plants m-2 densities.  
 
4.3.10. Effect of parthenium weed density on grain weight per cob of maize 
Grain weight per cob is the resultant of number of grains per cob and individual 
grain weight. As data of both years with respect to grain weight per cob of maize were 
non-significantly different, two year data were pooled to get mean. Data given in table 
4.3.14 revealed a significant linear decrease in this parameter along with increase in 
parthenium density. The highest grain weight per cob (180.3 g) of maize was noted in 
weed free plots. However, significant decline in this yield component occurred only at P. 
hysterophorus density of 10 plants m-2. Minimum grain weight per cob (122.6 g) was 
given by maize plants subjected to highest P. hysterophorus density (20 plants m-2).  In 
trend comparison of different P. hysterophorus densities (5 to 20 plants m-2), the linear 
trend for grain weight per cob was significant whereas quadratic and cubic trends were 
non-significant.  
In our study, major factor contributing towards lower grain weights at higher 
parthenium densities seem to be number of grains cob-1. However, 100-grain weight also 
played minor role. These results are in close conformity with those of Cerrudo et al. 
(2012) who discovered that grain yield reduction in maize by weed competition was due to 
quick decline in grain weight per cob as a result of reduced biomass accumulation during 
early vegetative as well as  crop maturity phases.  
 
4.3.11. Effect of parthenium weed density on biological yield (t ha-1) of maize 
Biological yield of a crop at harvest is the expression of overall dry matter 
production from net photosynthesis throughout its growth duration. Data pertaining to 
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Table 4.3.14. Effect of different parthenium densities (plants m-2) on grain weight per 
cob (g) of maize at UAF. 
Parthenium weed density ( plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 180.3 a        
5  166.9 ab       
10  155.3 bc      
15  141.4 cd     
20  122.6 d     
HSD 23.486 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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biological yield of maize as influenced by different P. hysterophorus densities was 
significantly different between two years of study (Table 4.3.15). Data revealed that P. 
hysterophorus density resulted in significantly different values of this growth parameter. 
The highest biological yield (28.73 and 26.05 t ha-1) of maize was attained with weed free 
control during 2012 and 2013, respectively. There was significant decline in biological 
yield as P. hysterophorus density increased from 5 to 20 plants m-2. However, lowest 
values (19.05 and 15.53 t ha-1) of this parameter were recorded with the highest P. 
hysterophorus density (20 plants m-2) during years 2012 and 2013, respectively.  In trend 
comparisons of different parthenium weed densities (5 to 20 plants m-2), the linear trend 
was significant whereas quadratic and cubic trends were non-significant during both the 
years of study.  
Reduction in biological yield of maize by increasing P. hysterophorus density 
may be attributed to decrease in its plant height, number of grains per cob and grain 
weight per cob in response to increase in parthenium population m-2. A linear decline in 
biological yield of maize fodder with increase in X. strumarium density from 0 to 12 
plants m-2 has also been reported by Hussain et al. (2011).   
 
4.3.12. Effect of parthenium weed density on grain yield (t ha-1) of maize 
 The final grain yield of a crop is cumulative of various yield components. Year 
imparted non-significant influence on grain of maize therefore data of both years were 
pooled to get their average. Table 4.3.16 presented two-year mean data related to grain 
yield of maize as influenced by different P. hysterophorus plant densities. It is evident 
from the data that grain yield of maize showed significant declining trend with increase in 
P. hysterophorus density. Significantly the highest grain yield (10.15 t ha-1) of maize was 
obtained from weed free plots. However, it tended to show significant decline from P. 
hysterophorus density of 5 plants m-2. Contrastingly, maize grain yield was minimum 
(5.46 t ha-1) in plots where P. hysterophorus density was 20 plants m-2. In trend 
comparisons of different parthenium weed densities (5 to 20 plants m-2), the linear trend 
was significant whereas quadratic and cubic trends were non-significant.  
Reduction in grain yield of maize due to increase in weed density is explained by 
the observed decrease in yield components. The major yield components which 
contributed more towards more grain yield of maize seem to be the number of grains per 
cob, 100-grain weight and grain weight per cob. 
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Table 4.3.15. Effect of different parthenium densities (plants m-2) on biological yield 
(t ha-1) of maize at UAF. 
Parthenium weed density ( plants m-2)  2012 2013 
No parthenium (Control) 28.73 a 26.05 a 
5  25.63 b 22.68 b 
10  23.95 bc 21.55 bc 
15  22.23 c 19.55 c 
20  19.05 d 15.53 d 
HSD 1.905 2.553 
Year 23.92 A 21.07 B 
HSD 0.718 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS NS 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.16. Effect of different parthenium densities (plants m-2) on grain yield 
(t ha-1) of maize at UAF. 
Parthenium weed density ( plants m-2)  
Two year (2012 and 
2013) average 
No parthenium (Control) 10.15 a        
5  8.03 b       
10  7.55 bc      
15  6.75 c      
20  5.46 d     
HSD 0.823 
Trend comparison of different parthenium weed densities  
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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 Correlation analysis between grain and yield components showed highly-
significant positive correlation of grain yield with number of grains per cob (r = 0.77), 
100-grain weight (r = 0.79) and grain weight per cob (r = 0.88). The results further led to 
the revelation that P. hysterophorus density of 5 plants m-2 was the competition threshold 
of this weed in maize as it resulted in significant decline in maize grain yield in both the 
years of study. Fischer et al. (2004) found that 0.32 to 4.17 plants of C. album per meter 
crop row was its economic threshold density in corn. However, significant reduction in 
grain yield of corn by increasing Amaranthus retroflexus density from 0 to 65 plants m-1 
per crop row was pointed out by Sheibany et al. (2009). Similarly, Karimmojeni et al. 
(2010) reported a linear decrease in maize grain yield with increase in densities of X. 
strumarium or D. stramonium from 4 to 16 plants m-2. They also concluded that major 
grain yield loss by X. strumarium was due to competition during early growth phase 
resulting in greater reduction in grain number. However, D. stramonium due to its 
indeterminate growth habit offered more competition during grain filling period hence 
caused more reduction in grain weight of maize.   
Data related to relative competitive index (RCI) (percent grain yield reduction in 
maize in response to increasing P. hysterophorus densities) are depicted in figure 4.9 
which showed that RCI increased in a linear fashion with increasing P. hysterophorus 
density (Figure 4.9). Grain yield loss varied between 21 to 46.2% with P. hysterophorus 
density stretching from 5 to 20 plants m-2.  
The increase in crop yield loss of maize due to increase in P. hysterophorus 
density might be due to higher competition stress experienced by maize plants at higher 
weed density as weeds limit the resource base area for crop plants. Our findings are 
comparable with the results obtained by those of Tamado et al. (2002) who also noticed 
that percent grain yield reduction in sorghum increased with increasing P. hysterophorus 
density per m-2. A grain yield loss from 40 to 97% in sorghum was recorded with varying 
density levels of P. hysterophorus. Morales-Payan (2000) also indicated that percent yield 
reduction in tomato exceeded up to 63% by increasing P. hysterophorus density from 0 to 
12 plants m-2. Maize grain yield reduction up to 70% at higher plant densities (16 to 20 
plant m-2) of common lambsquarters (C. album) was also demonstrated by Sarabi et al. 
(2013). According to findings of research conducted by Bridges et al. (1992), Euphorbia 
heterophylla densities of 1 to 32 plants per row (9 m long) resulted in yield loss of 4 to 
54% in peanut. Similarly, Mishra and Singh (2003) noted seed yield reduction of 18-53% 
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Figure 4.9. Effect of different parthenium densities (plants m-2) on its relative 
competitive index (means of 2012 and 2013) at UAF 
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in chickpea and 12-30% in soybean in response to increasing densities of E. geniculate 
from 10 to 120 plants per m2 in chickpea-soybean cropping system. A seed cotton yield 
reduction up to 47, 57 and 85% by 5, 10 and 50 plants of E. maculate per m of crop row 
was also noted by Bararpour et al. (1994). 
 
4.3.13. Effect of parthenium weed density on stalk yield (t ha-1) of maize 
After harvesting cobs from mature plants, the remaining portion of maize plant 
can be used as fodder thus add some to economic value. Data presented in table 4.3.17 
highlighted that year effect was significant on stalk yield of maize. Individual year data 
relevant to stalk yield of maize showed that it was significantly influenced by different P. 
hysterophorus densities during both years of experiment. The highest stalk yield (16.18 
and 11.75 t ha-1) was achieved from weed free control plots in year 2012 and 2013, 
respectively which was significantly decreased when P. hysterophorus density was 
increased to 5 plants m-2 during year 2012 while 10 plants m-2 during year 2013. However 
minimum stalk yield of 7.65 t ha-1 in years 2012 and 6.68 t ha-1 in years 2013 was 
produced from plots where parthenium density was kept 20 plants m-2. In trend 
comparisons of parthenium weed densities, the linear trend was significant during year 
2012. However, significant linear as well as quadratic trends were found during year 
2013.  
Significant reduction in stalk yield of sorghum by competition with P. 
hysterophorus was also demonstrated by Tamado and Milberg (2004). 
 
4.3.15. Effect of parthenium weed density on harvest index (%) of maize  
Harvest index (HI) of a crop represents portion of plant accumulated dry matter 
that is partitioned in economic plant parts. It is clear from the data presented in table 
4.3.19 that HI was significantly influenced by year therefore individual year data were 
discussed. An overview of data revealed that there was significant influence of different 
P. hysterophorus densities on HI of maize in both years of study (Table 4.3.18).  The 
significantly higher HI (36.65 and 38.78%) was recorded with weed free control in year 
2012 and 2013, respectively. However, significant decrease in HI of maize was noted 
with P. hysterophorus density of 5 plants m-2 during year 2012 whereas 10 plants m-2 
during year 2013. Contrastingly, the lowest HI (31.05 and 32.48%) was observed with P. 
hysterophorus density of 20 plants m-2. Trend comparisons of different parthenium weed 
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Table 4.3.17. Effect of different parthenium densities (plants m-2) on stalk yield (t ha-1) 
of maize at UAF. 
Parthenium weed density ( plants m-2)  2012 2013 
No parthenium (Control) 16.18 a 11.75 a 
5  12.60 b 11.25 a 
10  11.85 b 10.55 b 
15  10.50 bc 8.68 c 
20  7.65 c 6.68 d 
HSD 3.450 0.533 
Year 11.76 A 9.78 B 
HSD 1.137 
Trend comparison of different parthenium weed densities  
Linear  ** ** 
Quadratic  NS ** 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.18. Effect of different parthenium densities (plants m-2) on harvest index (%) 
of maize at UAF. 
Parthenium weed density ( plants m-2)  2012 2013 
No parthenium (Control) 35.65 a 38.78 a 
5  31.60 ab 35.23 b 
10  31.63 ab 34.93 b 
15  31.53 ab 33.20 bc 
20  31.05 b 32.48 c 
HSD 4.380 2.272 
Year  32.29 B 34.92 A 
HSD 1.093 
Trend comparison of different parthenium weed densities  
Linear  * ** 
Quadratic  NS * 
Cubic  NS NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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densities (5 to 20 plants m-2) showed that only linear trend was significant during year 
2012. However, both linear and quadratic trends were significant during year 2013.  
 Reduction in HI of maize with increase in P. hysterophorus density could be the 
result of reduced dry matter portioning in grain part of crop due to more severe weed-
competition during grain filling period. Hussain et al. (2014) also indicated that HI of 
corn declined with increasing X. strumarium density on account of higher allocation of 
photosynthates to stem and leaves at the expense of grain yield as weed competition 
became severe. 
 
4.3.16. Effect of parthenium weed density on grain protein content (%) of maize 
There was non-significant difference in grain protein content of maize between 
two years of study. The data of both years were therefore pooled-up to get average. Table 
4.3.19 highlighted the effect of different P. hysterophorus densities on maize grain 
protein content. The data indicated that P. hysterophorus densities significantly affected 
grain protein content of maize. Maximum grain protein content (10.36%) was noted in 
maize plants harvested from weed free control plots. A significant reduction in grain 
protein content started to occur from P. hysterophorus density of 10 plants per m2. 
However, minimum grain protein content (9.19%) of maize was noted with P. 
hysterophorus density of 20 plants m-2. Trend comparisons of different parthenium weed 
densities (5 to 20 plants m-2) indicate that linear trend was significant whereas quadratic 
and cubic trends were non-significant.  
 The loss of grain protein content with increasing parthenium density was 
attributed to decreased N uptake by maize due to increased crop-weed competitiveness. 
Pooryousef-Myandoab et al. (2011) had reported a decrease in protein content of maize 
grain with increasing density of C. album weed.  
 
4.3.17. Effect of parthenium weed density on grain oil content (%) of maize 
Data related to grain oil content of maize between two years were found to be 
non-significant therefore were pooled to get their average. Two-year means of grain oil 
content of maize as influenced by different P. hysterophorus densities are presented in 
table 4.3.20. A perusal of data revealed that there was non-significant effect of P. 
hysterophorus density on grain oil content of maize. 
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Table 4.3.19. Effect of different parthenium densities (plants m-2) on grain protein 
content (%) of maize at UAF. 
Parthenium weed density ( plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 10.36 a       
5  10.00 ab      
10  9.50 bc     
15  9.35 c     
20  9.19 c    
HSD 0.631 
Trend comparison of different parthenium weed densities 
Linear  ** 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.3.20. Effect of different parthenium densities (plants m-2) on grain oil content 
(%) of maize at UAF. 
Parthenium weed density ( plants m-2)  
Two year (2012 
and 2013) average 
No parthenium (Control) 3.9      
5  3.6      
10  3.5      
15  3.7      
20  3.9      
HSD NS 
Trend comparison of different parthenium weed densities  
Linear  * 
Quadratic  NS 
Cubic  NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and *  indicate non-
significant and significant at p < 0.05, respectively. 
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4.3.18. Correlation matrix between yield and yield components of maize  
 Correlation coefficients for grain yield and yield components of maize are shown 
in table 4.3.21. It was found that grain yield was significantly and positively correlated 
with number of grains per cob (r = 0.77), 100-grain weight (r = 0.79) and grain weight per 
cob (r = 0.88) of maize at 1% probability level as calculated from two-year average data. 
A significant moderate positive correlation also existed among grain weight per cob, 
number of grains per cob and 100-grain weight at 1% probability level while non-
significant association was found between 100-grain weight and number of grains per 
cob.  
 
4.3.19. Correlation between P. hysterophorus density and dry weight; maize  yield 
 and yield components 
 Table 4.3.22 showed association of P. hysterophorus density with its dry weight, 
grain yield and yield components of maize. Correlation coefficients indicated that P. 
hysterophorus density was significantly and negatively correlated with grain yield (r = -
0.94), number of grains per cob (r = -0.86), 100-grain weight (r = -0.68) and grain weight 
per cob (r = -0.89) of maize at 1% probability level as estimated from two-year means. 
However, a significant strong positive correlation was found between P. hysterophorus 
density with its dry weight at 1% probability level as shown by r values of 0.98.  
 
4.3.20. Correlation between P. hysterophorus dry weight; maize yield and yield 
 components 
 Data representing the correlation coefficients of P. hysterophorus dry weight with 
maize yield and yield components are given in table 4.3.23. A perusal of data revealed 
that significant negative association of parthenium dry weight was found with grain yield 
(r = -0.93), number of grains per cob (r = -0.86), 100-grain weight (r =-0.66) and grain 
weight per cob (r = -0.89) of maize. 
 
4.3.21. Estimation of maize grain yield losses and economic threshold of parthenium. 
 By fitting the rectangular hyperbola to maize grain yield, the estimated weed-free 
grain yield of maize was 10.2 t ha-1 (Figure 4.10). The weed competitivity (β), whose 
reciprocal (1/β) is the weed density that reduces crop yield by 50% was 0.0486. There 
was good agreement between predicted and observed yield as P. hysterophorus density 
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Table 4.3.21. Correlation matrix between yield and yield components of maize at different 
P. hysterophorus densities at UAF 
Yield 
components 
Grain weight per 
cob (g) 
Number of 
grains per cob 
100-grain 
weight (g) 
Grain yield  
(t ha-1) 
Two-year (2012 and 2013) means 
Number of 
grains per cob 
0.72** - - - 
100-grain weight 
(g) 
0.73** 0.31NS - - 
Grain yield  
(t ha-1) 
0.88** 0.77** 0.79** - 
NS and ** indicate non-significant and significant at p ≤ 0.01, respectively. 
 
 
Table 4.3.22. Correlation between P. hysterophorus density (plants m-2) and dry 
weight; maize yield and yield components at UAF.  
Characters Two-year (2012 and 2013) means 
Weed density vs grain yield -0.94** 
Weed density vs number of grains per cob  -0.86** 
Weed density vs 100-grain weight -0.68** 
Weed density vs grain weight per cob -0.89** 
Weed density vs weed dry weight 0.98** 
** indicates significant at p ≤ 0.01. 
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Table 4.3.23. Correlation between P. hysterophorus dry weight (g m-2); yield and yield 
components of maize at UAF.  
Characters Two-year (2012 and 2013) means 
 
Weed dry weight vs grain yield -0.93** 
Weed dry weight vs number of grains per cob  -0.86** 
Weed dry weight vs 100-grain weight -0.66** 
Weed dry weight vs grain weight per cob -0.89** 
** indicates significant at p ≤ 0.01. 
 
 
 
 
 
 
Figure 4.10. Non-Linear regression between maize grain yield and P. hysterophorus 
density at UAF during (means of year 2012 and 2013) 
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increased, showing that competition between maize and P. hysterophorus was described 
well by the hyperbolic model. 
 Keeping the herbicide cost US$17.5 and US$20.0, application cost US$8.5 and 
US$9.75, value per unit of crop US$45.0 and US$50.5; economic threshold (ET) of P. 
hysterophorus was estimated to be 1.2 and 1.3 plants per m2 during year 2012 and 2013, 
respectively (Table 4.3.24). The herbicide efficiency irrespective of year and herbicide 
was presumed to be 0.95.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 4.3.24. Parameter estimates and economic threshold (ET) of P. hysterophorus 
in maize at UAF  
Year Ch+Ca  
(US$) 
Yo 
(t ha-1) 
P 
(US$ ton-1) 
L  H ET 
(plants m-2) 
2012 17.5 + 8.5 10.2 45.0 0.0486 0.95 1.2 
2013 20 + 9.75 10.2 50.0 0.0486 0.95 1.3 
Ch = herbicide cost, Ca = application cost, Yo = weed free corn yield, P = value per unit of 
crop, L = proportional loss per unit weed density, and H = herbicide efficacy  
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4.4. Experiment No. 4: Estimation of critical period of Parthenium hysterophorus L. 
competition in maize (Zea mays L.) 
 A description of results regarding parameters of parthenium weed viz., fresh 
weight (g m-2), dry weight (g m-2), NPK-content (%) and NPK-uptake (kg ha-1); and those 
of maize crop including plant population per m-2, plant height, number of cobs per plant, 
number of grains per cob, 100-grain weight, grain weight per cob, biological yield, grain 
yield, stalk yield, harvest index, grain protein content and grain oil content is given 
below: 
4.4.1. Effect of weed-crop competition periods on fresh weight of P. hysterophorus (g 
m-2) 
Parthenium hysterophorus fresh weight was found to be non-significantly affected 
by years therefore data regarding P. hysterophorus fresh weight of both years were 
combined to get their average and are presented in table 4.4.1. The data revealed that with 
the increase in weed competition period, P. hysterophorus fresh weight also increased. 
Weed competition throughout growth season of crop produced significantly the highest P. 
hysterophorus fresh weight (205.8 g m-2). Contrastingly, P. hysterophorus competition 
period for 5 weeks after crop emergence gave minimum weed fresh weight (55.85 g m-2). 
Contrast comparison showed that all contrasts constituted among various treatments 
remained statistically significant. 
Increase in fresh weight of P. hysterophorus with extended competition duration 
was presumably attributed to prolonged growth span of weed ultimately resulting in more 
biomass accumulation. The highest achievement of weed fresh weight by allowing them 
to compete with maize crop for a period of 60 days after crop emergence was also 
reported by Bedmar et al. (1999). In another study, Maqbool et al. (2006a) also found a 
substantial linear increase in weed biomass by increasing weed-crop competition duration 
from 15 to 60 days after emergence in maize with the highest weed biomass in full season 
competition.  
 
4.4.2. Effect of weed-crop competition periods on dry weight of P. hysterophorus (g 
m-2) 
Year effect was found to be non-significant on P. hysterophorus dry weight. 
Hence two-year means were calculated reading this parameter. The data about 
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Table 4.4.1. Effect of weed-crop competition periods on fresh weight of P. hysterophorus 
(g m-2) in maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  ----- 
5  55.85 d     
6  87.04 c      
7  112.1 c      
8  155.1 b       
Full season 205.8 a        
HSD 27.113 
Contrasts  
5 WAE vs 6+7 WAE 55.85 vs 99.57** 
6 WAE vs 7+8 WAE 87.04 vs 133.6** 
6 WAE vs 7 WAE 87.04 vs 112.1* 
7 WAE vs 8 WAE 112.1 vs 155.1** 
7 WAE vs 8 WAE + Full season 112.1 vs 180.45** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at p 
≤ 0.01, respectively; *indicates significant at p < 0.05. 
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P. hysterophorus dry weight are given in table 4.4.2. A perusal of data indicates that there 
was significant effect of different P. hysterophorus competition periods on its dry weight. 
A successive increase in P. hysterophorus dry weight was attained by extending its 
competition period in maize from 5 weeks after crop emergence to full season 
competition. Significantly higher dry weight of P. hysterophorus (32.94 g m-2) was 
observed in plots where P. hysterophorus weed was allowed to compete with maize crop 
throughout its growth duration. Minimum P. hysterophorus dry weight (7.08 g m-2) was 
noted with its competition period of 5 weeks after crop emergence which remained 
statistically at par with that recorded with 6 weeks competition period. Contrast 
comparison among various treatments revealed that all contrasts were statistically 
significant except that between 6 weeks after crop emergence vs 7 weeks after crop 
emergence and 7 weeks after crop emergence vs 8 weeks after crop emergence.  
Increase in P. hysterophorus dry weight with increasing its competition period 
might be attributed to enhancement in its fresh weight. These results are in line with those 
of Maqbool et al. (2006a) who found that by increasing weed-crop competition duration 
from 15 to 60 days after emergence in maize, weed dry weight was increased significantly 
in a linear fashion. However, full season competition resulted in 96% higher weed 
biomass than weed free control. 
 
4.4.3. Effect of weed-crop competition periods on NPK contents (%) of P. 
hysterophorus 
 Data pertaining to N, P and K contents of P. hysterophorus weed as influenced by 
varying weed-crop competition periods are shown in the tables 4.4.3, 4.4.4 and 4.4.5, 
respectively. Data related to N-content were not significantly affected by year therefore 
were pooled to get two-year average. However, data regarding P. hysterophorus P and K-
content    showed that year imposed significant effect on these parameters thus their 
individual year data were presented and described. A perusal of data revealed that 
different parthenium-maize competition periods imparted significant effect on the NPK 
contents of P. hysterophorus. The data indicated that P. hysterophorus NPK contents 
were enhanced by extending weed crop competition duration. Among all parthenium-
maize competition periods, higher N-content (5.47%) of P. hysterophorus was observed 
when P. hysterophorus plants were allowed to compete with the maize crop throughout 
the growing season (Table 4.4.3). However, this treatment did 
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Table 4.4.2. Effect of different weed-crop competition periods on dry weight of P. 
hysterophorus (gm-2) in maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  ----- 
5  7.08 d   
6  12.46 cd     
7  16.31 bc      
8  19.70 b       
Full season 32.94 a        
HSD 6.412 
Contrasts  
5 WAE vs 6+7 WAE 7.08 vs 14.39** 
6 WAE vs 7+8 WAE 12.46 vs 18.01** 
6 WAE vs 7 WAE 12.46 vs 16.31NS 
7 WAE vs 8 WAE 16.31 vs 19.7NS 
7 WAE vs 8 WAE + Full season 16.31 vs 26.32** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
 139 
 
Table 4.4.3. Effect of different weed-crop competition periods on N content (%) of P. 
hysterophorus in maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  ----- 
5  4.24 c     
6  4.42 bc     
7  4.73 abc     
8  5.07 ab      
Full season 5.47 a 
HSD 0.778 
Contrasts  
5 WAE vs (6+7) WAE 4.24 vs 4.58NS 
6 WAE vs (7+8) WAE 4.42 vs 4.9* 
6 WAE vs 7 WAE 4.42 vs 4.73NS 
7 WAE vs 8 WAE 4.73 vs 5.07NS 
7 WAE vs (8 WAE + Full season) 4.73 vs 5.27* 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
 140 
 
Table 4.4.4. Effect of different weed-crop competition periods on P content (%) of P. 
hysterophorus in maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  ----- ----- 
5  0.49 b 0.27 d 
6  0.57 ab 0.39 c 
7  0.60 ab 0.42 c 
8  0.64 ab 0.51 b 
Full season 0.70 a 0.66 a 
HSD 0.159 0.068 
Year 0.60 A             0.45 B              
HSD 0.037 
Contrasts 
5 WAE vs (6+7) WAE 0.49 vs 0.59NS 0.27 vs 0.41** 
6 WAE vs (7+8) WAE 0.57 vs 0.62NS 0.39 vs 0.47* 
6 WAE vs 7 WAE 0.57 vs 0.60NS 0.39 vs 0.42NS 
7 WAE vs 8 WAE 0.60 vs 0.64NS 0.42 vs 0.51* 
7 WAE vs (8 WAE + Full season) 0.60 vs 0.67NS 0.42 vs 0.59** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.4.5. Effect of different weed-crop competition periods on K content (%) of P. 
hysterophorus in maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  ----- ----- 
5  3.88 c 3.27 b 
6  4.43 bc 4.13 a 
7  4.62 b 4.26 a 
8  4.67 ab 4.50 a 
Full season 5.27 a 4.63 a 
HSD 0.611 0.528 
Year 4.57 A             4.16 B             
HSD 0.301 
Contrasts 
5 WAE vs (6+7) WAE 3.88 vs 4.53* 3.27 vs 4.20** 
6 WAE vs (7+8) WAE 4.43 vs 4.65NS 4.13 vs 4.38NS 
6 WAE vs 7 WAE 4.43 vs 4.62NS 4.13 vs 4.26NS 
7 WAE vs 8 WAE 4.62 vs 4.67NS 4.26 vs 4.50NS 
7 WAE vs (8 WAE + Full season) 4.62 vs 4.97NS 4.26 vs 4.57NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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not differ significantly from weed-crop competition periods of 7 and 8 weeks after crop 
emergence. Contrastingly, minimum N-content (4.24%) of P. hysterophorus was recorded 
in response to competition period of 5 weeks after crop emergence. Among contrasts 
constructed among treatments, contrasts between competition period of 6 vs (6+7) weeks 
after crop emergence and 7 vs 8 weeks after crop emergence + full season were 
significant.  
Regarding effect of weed-crop competition period on P-content of parthenium 
weed (Table 4.4.4), the highest P-content of P. hysterophorus (0.70 and 0.66% in year 
2012 and 2013, respectively) was shown by full season parthenium-maize competition. 
However, this treatment remained statistically at par with 8, 7 and 6 weeks weed-crop 
competition period during year 2012. In distinction, the minimum P. hysterophorus P-
content (0.49 and 0.27% in year 2012 and 2013, respectively) was noted with 5 weeks 
weed-crop competition period. All contrast comparisons remained statistically significant 
during year 2012. However, all contrasts were significant except contrast between 6 
weeks vs 7 weeks after crop emergence during year 2013.  
Like N and P, K-content of P. hysterophorus also tended to show its highest 
values (5.27% in year 2012 and 4.63% in year 2013) in response to full season weed-crop 
competition (Table 4.4.5). This treatment remained statistically at par with weed-crop 
competition for 8 weeks after crop emergence during year 2013 whereas with 6, 7 and 8 
weeks competition period during year 2013 with respect to K-content. Among contrast 
comparisons, contrast between competition periods of 5 weeks after crop emergence vs 
(7+8) weeks after crop emergence was found to be significant in both experimental years.  
The linear incline in the NPK contents of P. hysterophorus with the elongation in 
its competition period with maize crop may possibly be attributed to increased uptake of 
nutrients from soil by this weed due to extension in growing period. Significantly higher 
P-content (%) of Trianthema portulacastrum weed by its full crop season competition 
duration in cotton was also reported by Anjum et al. (2007). However, their findings 
regarding lower K-content of this weed with its competition duration for whole crop 
season in cotton are in contrast to ours'. 
 
4.4.4. Effect of weed competition periods on NPK uptake (kg ha-1) of P. 
hysterophorus 
Year effect was found to be non-significant on P. hysterophorus N and K-uptake 
therefore data of both years with respect to these nutrients were pooled to get 2-year 
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means. However, P. hysterophorus P-uptake was significantly influenced by years 
therefore its individual year data were presented and discussed. Data related to N-uptake 
of P. hysterophorus as influenced by weed-crop competition periods are given in Table 
4.4.6. An overlook of data highlighted that N-uptake by P. hysterophorus showed a 
significant linear increase along with increase in its competition duration. Significantly 
the highest N uptake (18.07 kg ha-1) by P. hysterophorus was observed in response to P. 
hysterophorus competition period throughout growing season of maize. In contrast, the 
lowest N uptake by P. hysterophorus (2.92 kg ha-1) was recorded in plots where P. 
hysterophorus was allowed to compete with maize for 5 weeks after its emergence. 
However, this competition period was statistically similar to 6 weeks weed-crop 
competition period in respect of P uptake. Contrast analysis indicates that N-uptake was 
found to be significantly different between competition periods of 5 weeks vs (6+7) 
weeks, 6 weeks vs (7+8) weeks, and 7 weeks vs 8 weeks after crop emergence + full 
season (Table 4.4.6). 
Increase in N-uptake by P. hysterophorus with increasing weed-crop competition 
duration might be the result of greater plant biomass accumulation with prolongation in 
its growth period. These results are in well agreement to the research findings of 
Lindquist et al. (2007) who also reported that N uptake by velvetleaf (A. theophrast), a 
broadleaf weed in maize increased significantly in linear as well as quadratic pattern by 
increase in competition period from 0 to 100 days after crop emergence. Similarly, Anjum 
et al. (2007) also found the highest N-uptake by T. portulacastrum in weedy check 
treatment where weeds were allowed to compete with cotton crop for whole growing 
season.  
 Effect of different weed-crop competition periods on the P-uptake (kg ha-1) by P. 
hysterophorus was also significant during both the years of study (Table 4.4.7). The 
significantly higher P-uptake (2.38 and 2.17 kg ha-1 in year 2012 and 2013, respectively) 
by P. hysterophorus was noted with full season P. hysterophorus competition. The 
minimum P-uptake (0.29 in year 2012 and 0.22 kg ha-1 in year 2013) was achieved in 
response to 5 weeks weed competition. This treatment remained statistically at par with 
that of 6 weeks after crop emergence competition duration during both years of study. 
Contrast comparison showed that all contrasts were non-significant during year 2012 
while significant during year 2013 except between 6 weeks vs (7+8) weeks and 6 weeks 
vs 7 weeks after crop emergence during year 2013.  
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Table 4.4.6. Effect of different weed-crop competition periods on N-uptake (kg ha-1) 
of P. hysterophorus in maize at UAF 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  ----- 
5  2.92 d 
6  5.59 cd     
7  7.70 bc      
8  9.95 b       
Full season 18.07 a        
HSD 3.791 
Contrasts  
5 WAE vs (6+7) WAE 2.92 vs 6.65** 
6 WAE vs (7+8) WAE 5.59 vs 8.83** 
6 WAE vs 7 WAE 5.59 vs 7.70NS 
7 WAE vs 8 WAE 7.70 vs 9.95NS 
7 WAE vs (8 WAE + Full season) 7.70 vs 14.01** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.4.7. Effect of different weed-crop competition periods on P-uptake (kg ha-1) 
of P. hysterophorus in maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  ----- ----- 
5  0.29 c 0.22 d 
6  0.78 bc 0.43 cd 
7  1.11 b 0.59 c 
8  1.21 b 1.05 b 
Full season 2.38 a 2.17 a 
HSD 0.809 0.348 
Year 1.15 A 0.89 A 
HSD 0.182 
Contrasts 
5 WAE vs (6+7) WAE 0.29 vs 0.95NS 0.22 vs 0.51NS 
6 WAE vs (7+8) WAE 0.78 vs 1.16NS 0.43 vs 0.82* 
6 WAE vs 7 WAE 0.78 vs 1.11NS 0.43 vs 0.59NS 
7 WAE vs 8 WAE 1.11 vs 1.21NS 0.59 vs 1.05* 
7 WAE vs (8 WAE + Full season) 1.11 vs 1.80NS 0.59 vs 1.61** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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 Higher P-uptake by P. hysterophorus in longer P. hysterophorus competition 
periods may be attributed to higher biomass and P-content of P. hysterophorus. These 
results are in line with those of Pitelli et al. (1983) who also demonstrated an increase in 
the uptake of P by Cyperus rotundus weed in response to its increased competition 
severity in soybean (Glycine max). The highest P-uptake by weeds with their competition 
throughout growing season of cotton crop due to their luxurious growth was also 
mentioned by Kelaginamani and Halikatti (2002) and Anjum et al. (2007). 
The data presented in the table 4.4.8 revealed that K-uptake by P. hysterophorus 
was also increased in a linear fashion by increasing weed-crop completion period during 
both years of study. The significantly higher K-uptake (16.47 kg ha-1) was observed in 
plots where P. hysterophorus competition was employed for full crop season. The lowest 
K-uptake (2.48 kg ha-1) by P. hysterophorus was recorded with P. hysterophorus 
competition period of 5 weeks which remained statistically at par with that recorded with 
6 weeks crop-weed competition period. Regarding contrast comparison of K-uptake by P. 
hysterophorus, all contrasts were statistically significant except 6 weeks vs 7 weeks after 
crop emergence and 7 weeks vs 8 weeks after crop emergence.  
Higher K-uptake by P. hysterophorus in longer P. hysterophorus competition 
periods may be attributed to higher biomass and K-content of P. hysterophorus growing 
for prolonged duration. These results are in accordance with the research findings of 
Anjum et al. (2007) who reported that K uptake by T. portulacastrum was significantly 
the highest in the treatments where crop was subjected to competition by this weed 
throughout its growing season. Similarly, Gaikwad and Pawar (2003) also advocated that 
weedy check plots showed rapid weed growth resulting in quick absorption of K from 
soil.  
 
4.4.5. Effect of weed competition periods on plant population (m-2) of maize 
Plant population is an important yield component of crop which adds positively to 
overall yield of any crop. Data pertaining to plant population of maize proved to be non-
significantly affected by years therefore 2-year pooled data were discussed. The data 
presented in the table 4.4.9 highlighted that there was non-significant effect of various P. 
hysterophorus competition periods on plant population of maize. Non-significant 
difference in plant population of maize among different parthenium competition periods 
was due to maintenance of uniform plant to plant and row to row distance at crop sowing. 
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Table 4.4.8. Effect of different weed-crop competition periods on K-uptake (kg ha-1) 
of P. hysterophorus in maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  ----- 
5  2.48 c     
6  5.34 bc 
7  7.26 b      
8  9.02 b      
Full season 16.47 a       
HSD 3.964 
Contrasts  
5 WAE vs (6+7) WAE 2.48 vs 6.30** 
6 WAE vs (7+8) WAE 5.34 vs 8.14* 
6 WAE vs 7 WAE 5.34 vs 7.26NS 
7 WAE vs 8 WAE 7.26 vs 9.02NS 
7 WAE vs (8 WAE + Full season) 7.26 vs 12.75** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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Table 4.4.9. Effect of different weed-crop competition periods on plant population (m-2) 
of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  7.75  
5  7.50   
6  7.38 
7  7.38 
8  7.63 
Full season 7.38  
HSD NS 
Contrasts  
5 WAE vs (6+7) WAE 7.50 vs 7.38NS 
6 WAE vs (7+8) WAE 7.38 vs 7.51NS 
6 WAE vs 7 WAE 7.38 vs 7.38NS 
7 WAE vs 8 WAE 7.38 vs 7.63NS 
7 WAE vs (8 WAE + Full season) 7.38 vs 7.51NS 
NS = Non-significant  
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4.4.6. Effect of weed competition periods on plant height of maize  
 Plant height at maturity reflects vegetative growth pattern of a plant throughout its 
growing cycle. Year imposed a non-significant effect on plant height of maize. The data 
of both years were therefore pooled to get two-year means. The data related to plant 
height of maize as affected by various P. hysterophorus competition periods are shown in 
the table 4.4.10. An overlook of data revealed that maize plant height was significantly 
affected by different P. hysterophorus competition periods. Maximum plant height (220.4 
cm) of maize was noted with weed free control where no P. hysterophorus was allowed to 
grow which was significantly different from those of all other treatments. A gradual 
decline in plant height was observed with increase in P. hysterophorus competition period 
until full crop season competition that showed the lowest plant height (193.5 cm) of 
maize. All contrasts between different treatment combinations were found to be 
significant except between competition periods of 6 weeks vs 7 weeks after crop 
emergence. 
The significant decline in maize plant height in response to increasing P. 
hysterophorus competition period may be due to suppressed maize growth as a result of 
severe inter-specific crop-weed competition during vegetative growth phase of crop. 
These findings are in great coincidence with those of Maqsood et al. (1999) who 
concluded that by employing various weed competition periods in maize, significant 
reduction in crop plant height from weed free control started to occur in response to weed 
competition period of 6 weeks after crop emergence. However, in contrast to outcomes of 
present study, non-significant reduction in plant height of tomato by its competition with 
P. hysterophorus even for whole growing season was noted by Morales-Payan (2000).  
 
4.4.7. Effect of weed competition periods on number of cobs per plant of maize 
 Number of cobs per plant is an important variable contributing considerably to the 
final crop yield in maize. However, under Pakistani Punjab, maize hybrid DK 919 usually 
produces one cob per plant or rarely two cobs per plant. Number of cobs per plant of 
maize was significantly affected by years. Table 4.4.11 contains data related to number of 
cobs per plant of maize as influenced by various weed competition periods. It is apparent 
from the data that in both years of study, this parameter was non-significantly affected by 
various P. hysterophorus competition periods.  
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Table 4.4.10. Effect of different weed-crop competition periods on plant height (cm) 
of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  220.4 a         
5  215.6 b        
6  211.8 bc       
7  210.7 c       
8  205.4 d      
Full season 193.5 e     
HSD 4.762 
Contrasts  
5 WAE vs (6+7) WAE 215.6 vs 211.3** 
6 WAE vs (7+8) WAE 211.8 vs 208.1** 
6 WAE vs 7 WAE 211.8 vs 210.7NS 
7 WAE vs 8 WAE 210.7 vs 205.4** 
7 WAE vs (8 WAE + Full season) 210.7 vs 199.5** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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Table 4.4.11. Effect of different weed-crop competition periods on number of cobs per 
plant of maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  1.05 1.00 
5  1.03 1.00 
6  1.03 1.00 
7  1.03 1.00 
8  1.00 1.00 
Full season 1.00 1.00 
HSD NS NS 
Year 1.02 A 1.00 B 
HSD 0.01 
Means followed by the same letter did not differ significantly according to Tukey's honestly 
significant difference (HSD) test at p < 0.05; NS indicates non-significant at p < 0.05.
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These results are in line to those of Nadeem et al. (2010) who also reported that number 
of cobs per plant of maize hybrid was not statistically affected in response to weed-crop 
competition throughout the growing season of crop. 
 
4.4.8. Effect of weed competition periods on number of grains per cob of maize  
Number of grains per cob of maize had direct relation with grain yield. This 
parameter is essentially a genetically determined trait. Under optimum growing 
conditions, cob of maize hybrid DK 919 usually bears 16 grain rows which are filled from 
top to bottom. But reduction in grain number may be resulted due to prevalence of 
stressed conditions especially at ear development or fertilization growth stages. Individual 
year data of number of grains per cob of maize were presented as year was found to 
impose significant influence on this yield component. The data presented in table 4.4.12 
indicate that period of weed competition had significant effect on the number of grains 
per cob in both years of study. The highest number of grains per cob (535.25 and 585.8) 
of maize was counted in year 2012 and 2013, respectively with weed free control 
treatment. This treatment was followed by competition periods of 5, 6, 7 and 8 weeks, and 
then full crop season with respect to number of grains per cob during both years of study. 
However, number of grains per cob did not decline significantly up to 5 weeks 
competition period but significant reduction in this parameter started to occur with P. 
hysterophorus competition period of 6 weeks after crop emergence during both years of 
study. Contrastingly, the lowest number of grains per cob (320.25 and 496.55) was 
recorded with P. hysterophorus competition for full crop growth season during years 
2012 and 2013, respectively. Contrast comparison in year 2012 showed statistical 
significance between competition periods of 5 weeks vs (6+7) weeks after crop 
emergence and between 7 weeks vs 8 weeks after crop emergence + full season. 
However, in year 2013, comparison between 6 weeks vs (7+8) weeks after crop 
emergence also showed significance in addition to two significant contrasts in year 2012.   
Reduction in number of grains per cob of maize with extension in P. 
hysterophorus competition period might be the result of occurrence of weed-crop 
competition during flowering and fertilization especially at silking. These findings are in 
great analogy with those of Maqsood et al. (1999). They also found that with increasing 
period of weed competition from 3 to 8 weeks after crop emergence, the number of grains 
per cob tended to decline significantly in response to weed-crop competition period of 5 
weeks after crop emergence. 
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Table 4.4.12. Effect of different weed-crop competition periods on number of grains 
per cob of maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  535.3 a 585.8 a 
5  499.1 ab 577.3 ab 
6  455.7 bc 542.7 bc 
7  439.5 c 514.8 cd 
8  409.9 c 486.9 de 
Full season 320.3 d 469.6 e 
HSD 48.52 40.65 
Year 443.3 B 529.5 A 
HSD 58.09 
Contrasts 
5 WAE vs (6+7) WAE 499.1 vs 447.6* 577.3 vs 528.7* 
6 WAE vs (7+8) WAE 455.7 vs 424.7NS 542.7 vs 500.9* 
6 WAE vs 7 WAE 455.7 vs 439.5NS 542.7 vs 514.8NS 
7 WAE vs 8 WAE 439.5 vs 409.9NS 514.8 vs 486.9NS 
7 WAE vs (8 WAE + Full season) 439.5 vs 365.1** 514.8 vs 478.2* 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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4.4.9. Effect of weed competition periods on 100-grain weight (g) of maize 
Year effect was found to be non-significant on 100-grain weight of maize therefore data 
of both years were pooled to get their average. Table 4.3.13 presents statistical means of 
100-grain weight of maize as affected by parthenium-crop competition periods. An 
overlook of data revealed that this parameter tended to show a significant declining trend 
in a linear fashion along with increase in P. hysterophorus competition periods. Weed 
free treatment with no P. hysterophorus competition gained the highest 100-grain weight 
(32.42 g) of maize which remained statistically at par with those observed with 
parthenium-maize competition periods of 5, 6, 7 and 8 weeks after crop emergence. 
However, significant reduction in this parameter was observed with P. hysterophorus 
competition throughout growing season that obtained the lowest (27.79 g) 100-grain 
weight of maize. Contrast comparison revealed that 100-grain weight did not differ 
significantly between various treatment combinations. 
Significant reduction in 100-grain weight of maize with increase in P. 
hysterophorus competition period of 8 weeks after crop emergence may be attributed to 
coincidence of parthenium competition stress during grain filling stage of maize which 
negatively affected grain growth of maize. These results are in close conformity to those 
of Maqsood et al. (1999) and Maqbool et al. (2006a) who also observed linear decline in 
1000-grain weight of maize with prolongation in weed-crop competition period. 
Channappagoudar et al. (1990) also found reduced 1000-grain weight of sorghum with P. 
hysterophorus competition extended to later growth stages of crop. 
 
4.4.10. Effect of weed competition periods on grain weight per cob (g) of maize  
Among yield components of maize, number of grains per cob and 100 grain 
weight directly contribute to grain weight per cob. Data of grain weight per cob showed 
significant difference between two years of study. The data of both years were therefore 
presented and described individually. Data given in table 4.4.14 highlighted that grain 
weight per cob was significantly reduced linearly along with increase in parthenium 
competition period. The highest grain weight per cob (159.68 and 184.75 g) of maize was 
produced by maize plants from weed free plots during years 2012 and 2013, respectively. 
However, this parameter was statistically similar with that recorded with maize plants 
harvested from plots where parthenium was allowed to compete for 5 and 6 weeks after 
emergence during year 2012 while 5 weeks after crop emergence during year 2013.  But 
significant reduction in grain weight per cob of maize was observed to be initiated with P. 
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Table 4.4.13. Effect of different weed-crop competition periods on 100-grain weight 
(g) of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  32.42 a      
5  30.69 ab 
6  30.01 ab     
7  29.99 ab     
8  28.92 ab     
Full season 27.79 b     
HSD 3.612 
Contrasts  
5 WAE vs (6+7) WAE 30.69 vs 30.00NS 
6 WAE vs (7+8) WAE 30.01 vs 29.46NS 
6 WAE vs 7 WAE 30.01 vs 29.99NS 
7 WAE vs 8 WAE 29.99 vs 28.92NS 
7 WAE vs (8 WAE + Full season) 29.99 vs 28.36NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test at p < 0.05; NS indicates non-
significant. 
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Table 4.4.14. Effect of different weed-crop competition periods on grain weight per 
cob (g) of maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  159.68 a 184.75 a 
5  148.88 ab 174.97 ab 
6  145.55 ab 163.65 b 
7  130.13 bc 160.13 bc 
8  117.40 c 142.00 cd 
Full season 94.15 d 129.32 d 
HSD 22.734 20.611 
Year  132.63 B 159.14 A 
HSD 15.463 
Contrasts 
5 WAE vs (6+7) WAE 148.88 vs 137.84NS 174.97 vs 161.89* 
6 WAE vs (7+8) WAE 145.55 vs 123.77* 163.65 vs 151.07* 
6 WAE vs 7 WAE 145.55 vs 130.13NS 163.65 vs 160.13NS 
7 WAE vs 8 WAE 130.13 vs 117.4NS 160.13 vs 142.00* 
7 WAE vs (8 WAE + Full season) 130.13 vs 105.78* 160.13 vs 135.66** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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hysterophorus competition duration of 7 weeks after crop emergence in 2012 while 6 
weeks after crop emergence in 2013. In distinction, minimum grain weight per cob (94.15 
and 129.32 g) of maize was obtained in response to P. hysterophorus competition 
throughout growing season during years 2012 and 2013, respectively.  Contrast analysis 
regarding grain weight per cob of maize indicated that significant differences exist 
between 6 weeks vs (7+8) weeks after crop emergence and 7 weeks vs 8 weeks after crop 
emergence + full season competition during year 2012. However, during year 2013, all 
contrasts were found to be significant except 6 weeks vs 7 weeks after crop emergence.  
In our study, major factor responsible for reduction in grain weight per cob along 
with increase in parthenium competition duration seem to be the number of grains per 
cob. However, a little contribution was also given by 100-grain weight. These results are 
in close conformity with those of Maqbool et al. (2006a) who reported a significant 
decrease in grain weight per cob of maize in response to increase in weed-crop 
competition period.  
 
4.4.11. Effect of weed competition periods on biological yield (t ha-1) of maize 
Year imparted a significant effect on biological yield of maize therefore data of 
individual year were presented and discussed. The data presented in the table 4.4.15 
showed that biological yield of maize was significantly affected by various parthenium 
competition periods. Significantly the highest biological yield with values of 22.05 t ha-1 
in 2012 and 24.9 t ha-1 in 2013 was attained by maize crop growing in weed free control 
plots. However, significant decline in this parameter of maize was started from P. 
hysterophorus competition period of 5 weeks after crop emergence during both years of 
study. It continued to decline up to P. hysterophorus competition throughout crop growth 
duration. Resultantly, the lowest biological yield (15.33 and 14.63 t ha-1 in year 2012 and 
2013, respectively) of maize was recorded in the treatment where P. hysterophorus plants 
were allowed to grow all through the cropping season. Statistical analysis of contrasts 
between various treatment combinations showed that all contrasts were significant during 
both years of study except between 6 weeks vs 7 weeks after crop emergence that was 
non-significant in year 2012. 
The gradual decline in biological yield of maize with increasing weed competition 
periods was probably due to cumulative effect of its reduced plant height and yield 
components. 
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Table 4.4.15. Effect of different weed-crop competition periods on biological yield (t 
ha-1) of maize at UAF. 
Weed-crop competition period (weeks after 
crop emergence) 
2012 2013 
No competition (Control)  22.05 a 24.90 a 
5  19.85 b 22.93 b 
6  18.65 bc 20.75 c 
7  17.85 c 18.33 d 
8  16.53 d 17.10 d 
Full season 15.33 d 14.63 e 
HSD 1.296 1.624 
Year 18.38 B 19.77 A 
HSD 0.610 
Contrasts 
5 WAE vs (6+7) WAE 19.85 vs 18.25** 22.93 vs 19.54** 
6 WAE vs (7+8) WAE 18.65 vs 17.19** 20.75 vs 17.72** 
6 WAE vs 7 WAE 18.65 vs 17.85NS 20.75 vs 18.33** 
7 WAE vs 8 WAE 17.85 vs 16.53** 18.33 vs 17.10* 
7 WAE vs (8 WAE + Full season) 17.85 vs 15.93** 18.33 vs 15.87** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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These results are in close conformity with those of Lindquist et al. (2010) who reported 
that weed competition in corn for a period of 7 weeks after crop emergence resulted in 
loss of biological yield of corn up to 24% compared with weed free control. These results 
are also in great analogy by the findings of Gholami (2014) who also found significant 
reduction in biological yield of corn when it was exposed to weed competition up to 5 
weeks after crop emergence.  
 
4.4.12. Effect of weed competition periods on grain yield (t ha-1) of maize 
There was non-significant difference between years with respect to grain yield of 
maize. The grain yield data of both years were therefore combined to obtain two-year 
mean data. Data showing grain yield of maize as influenced by various weed competition 
durations have been presented in table 4.4.16. Having an overlook of data unveiled that 
different P. hysterophorus competition period produced significant effect on grain yield 
of maize. Grain yield showed a declining trend from zero week competition to full season 
competition with P. hysterophorus. Significantly the highest maize grain yield of 9.56 t 
ha-1 was attained by treatment where no P. hysterophorus competition was employed. 
This treatment was followed by P. hysterophorus competition period of 5 weeks after 
crop emergence. Whereas 6 weeks, 7 weeks 8 weeks and full season competitions 
followed one another in succeeding fashion. Therefore, treatment where P. hysterophorus 
was allowed to compete with crop throughout its growing period produced the lowest 
grain yield of maize (4.53 t ha-1) which was statistically at par with that observed with 
competition period of 8 weeks after crop emergence (5.49 t ha-1). Contrast comparison of 
different weed-crop competition periods revealed that grain yield was significantly 
different between all treatment combinations except between 6 weeks vs 7 weeks after 
crop emergence and 7 weeks vs 8 weeks after crop emergence.  
The critical period of weed competition is known to be growth duration of crop 
during which crop can tolerate weed infestation without adversely affecting its final yield 
(Tanveer et al., 2013). In the present study, decrease in grain yield with increase in 
parthenium competition period was due to reduction in the main yield contributing traits 
like number of grains per cob, 100-grain weight and number of grains per cob. A highly 
significant positive correlation of maize grain yield was found with number of grains per 
cob (r = 0.89), 100-grain weight (r = 0.62) and grain weight per cob (r = 0.84) of maize 
(Table 4.4.22). Further, it can be concluded from the results that 5 weeks after crop 
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Table 4.4.16. Effect of different weed-crop competition periods on grain yield (t ha-1) 
of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  9.56 a        
5  7.20 b   
6  6.39 bc      
7  5.93 c      
8  5.49 cd     
Full season 4.53 d     
HSD 1.048 
Contrasts 
5 WAE vs (6+7) WAE 7.2 vs 6.16** 
6 WAE vs (7+8) WAE 6.39 vs 5.71* 
6 WAE vs 7 WAE 6.39 vs 5.93NS 
7 WAE vs 8 WAE 5.93 vs 5.49NS 
7 WAE vs (8 WAE + Full season) 5.93 vs 5.01** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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emergence was the critical period of P. hysterophorus competition in maize crop. 
However, further extension in P. hysterophorus competition duration resulted in drastic 
reduction in grain yield of maize which may exceed up to 53% over weed free control. 
Vivek et al. (2003 and 2008) also found that grain yield loss in arhar (Cajanus cajan L.) 
and black gram (Phaseolus mungo) increased with increase in competition period of 
weeds including P. hysterophorus and maximum grain yield loss (up to 33% in arhar and 
67% in black gram) happened with competition throughout growing season. Similarly, 
maximum decline in grain yield of sorghum in response to P. hysterophorus competition 
for full growing season was also reported by Channappagoudar et al. (1990). 
These results are in great analogy with those of Barroso et al. (2012) who reported 
that critical period of competition with P. hysterophorus dominated mixed weed flora in 
common bean (Phaseolus vulgaris) was 1 to 7 weeks after crop emergence. However, 
Tamado et al. (2002) calculated critical weed control period of P. hysterophorus in grain 
sorghum by the use of model to estimate crop growth duration during which weed control 
gave maximum return to grower. They pointed out that period of 19 to 57 days and 0 to 
66 days after crop emergence was critical for the control of P. hysterophorus in sorghum 
at intermediate and lowland altitudes, respectively. Similarly, Vivek et al. (2003) and 
Vivek et al. (2008) demonstrated that initial 30 to 60 days and 30 to 45 days after sowing 
were the most critical periods of competition with weeds including parthenium in arhar 
and black gram, respectively. Extended weed competition beyond this period resulted into 
severe grain yield reduction in these crops. Maqbool et al. (2006a) also reported that with 
increasing weed-crop competition period from 15 to 60 days after crop emergence, a 
significant linear reduction in grain yield of maize was noted. Moreover, the highest grain 
yield loss of 51% was observed in response to weed competition for full growing season. 
According to most recent studies by Gholami (2014), significant reduction in grain yield 
of corn was observed by weed competition period of 5 weeks after crop emergence 
compared with weed free control treatment. Therefore, he concluded that weed control 
must be employed during this period to avoid drastic yield reduction in corn.  
Critical period of competition by E. heterophylla as determined by previous 
studies was initial 10 weeks after crop emergence in peanut (Arachis hypogaea) (Bridges 
et al., 1992) and 3-4 weeks after sowing in cowpea (Vigna unguiculata) (Olorunmaiye 
and Ogunfoloji, 2002). 
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4.4.13. Effect of weed competition periods on relative competitive index (RCI) of P. 
hysterophorus 
Figure 4.11 depicts relative competitive index (RCI) of varying P. hysterophorus 
competition durations with maize. Having an overlook over figure revealed that RCI 
tended to increase linearly by extending P. hysterophorus competition period. The lowest 
RCI (24.7%) was shown by P. hysterophorus competition period of 5 weeks after crop 
emergence which was followed by that of competition periods of 6 weeks (33.2%), 7 
weeks (38%) and 8 weeks (42.6%) after crop emergence. Above than all, the highest RCI 
(52.6% grain yield loss) was shown by treatment where P. hysterophorus was allowed to 
compete with crop throughout its growing duration. Our findings are comparable with the 
results obtained by those of Channappagoudar et al. (1990). They calculated a grain yield 
reduction of up to 34% in sorghum with P. hysterophorus competition throughout its 
growth duration. Similarly, Maqbool et al. (2006a) calculated 51% reduction in grain 
yield of maize in response to full season weed competition. 
Degree of yield losses by a particular weed may be different in different crops. For 
example, E. heterophylla presence in soybean and peanut resulted in yield losses of 30 
and 50%, respectively (Nester et al., 1979; Bridges et al., 1992; Willard and Griffin, 
1993). Yield losses by a weed in specific crop also depend on management practices. For 
instance, soybean yield reduction by E. heterophylla weed may rise up to 80% depending 
on crop husbandry (Kissmann, 1992) due to better water-use efficiency and higher rate of 
net photosynthesis by E. heterophylla compared with soybean (Procopio et al., 2004).  
 
4.4.14. Effect of weed competition periods on stalk yield (t ha-1) of maize 
Stalk yield, the portion of maize plant after removing cobs is a good source of 
fodder for livestock therefore has some economic value. In the present study, there was a 
non-significant effect of years on stalk yield of maize. The data of stalk yield of maize 
were therefore pooled. Two-year mean data pertaining to stalk yield of maize as 
influenced by P. hysterophorus competition period are contained by table 4.4.17 which 
showed that it was reduced in a linear fashion by increasing P. hysterophorus competition 
duration. Maximum stalk yield of 12.11 t ha-1 was produced by maize plants harvested 
from weed free control plots. It remained statistically at par with that of P. hysterophorus 
competition period of 5 and 6 weeks after crop emergence. However, a significant 
reduction in stalk yield of maize started to occur from P. hysterophorus competition 
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Figure 4.11. Effect of different parthenium-crop competition periods on P. 
hysterophorus relative competitive index (RCI) at UAF (means of year 2012 and 
2013) 
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Table 4.4.17. Effect of different weed-crop competition periods on stalk yield (t ha-1) of 
maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  12.11 a        
5  11.73 a        
6  10.84 ab       
7  9.58 bc      
8  8.76 c      
Full season 6.65 d     
HSD 1.409 
Contrasts  
5 WAE vs (6+7) WAE 11.73 vs 10.21** 
6 WAE vs (7+8) WAE 10.84 vs 9.17** 
6 WAE vs 7 WAE 10.84 vs 9.58* 
7 WAE vs 8 WAE 9.58 vs 8.76NS 
7 WAE vs (8 WAE + Full season) 9.58 vs 7.71** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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duration of 7 weeks after crop emergence that continued in a linear fashion till full crop 
season parthenium competition. In contrast to above, the lowest stalk yield (6.65 t ha-1) 
was observed with full season P. hysterophorus-crop competition. All Contrasts 
constructed among various treatments with respect to stalk yield of maize were found to 
be significant except between P. hysterophorus competition periods of 7 weeks vs 8 
weeks after crop emergence.   
Significant reduction in stalk yield of maize by employing weed competition 
period of 30 days after crop emergence was also reported by Hussain et al. (2012). 
 
4.4.15. Effect of weed competition periods on harvest index (%) of maize  
The production efficiency of a crop is also calculated in terms of harvest index. In 
present study, year effect was found to be significant therefore data of both years 
regarding harvest index of maize were combined to obtain their means. Two-year average 
data related to harvest index of maize are given in table 4.4.18 which showed that this 
parameter was significantly affected by various P. hysterophorus competition periods. 
Significantly, the maximum harvest index (40.9%) of maize was calculated from zero 
parthenium competition. However, P. hysterophorus competition period of 5 weeks after 
crop emergence followed it which in-turn was not statistically different from those of all 
other parthenium competition periods. Therefore, it can be argued that increase in P. 
hysterophorus competition period beyond 5 weeks after crop emergence could not 
produce significant decline in it. The lowest harvest index (30.23%) was observed from 
treatment where P. hysterophorus competition was employed through whole crop 
duration during both the years of study. The declining trend in harvest index of maize 
with the increase in P. hysterophorus competition period might possibly be resulted from 
more decrease in economic yield relative to biological yield of maize.  
In contrast comparison between different treatments / treatment combinations, all 
contrasts remained statistically non-significant with respect to harvest index of maize. In 
conflict to our findings, Hussain et al. (2012) noted a non-significant effect of various 
weed competition periods from 0 to 40 days after crop emergence on harvest index of 
maize. 
 
4.4.16. Effect of weed competition periods on grain protein content (%) of maize 
Table 4.4.19 contains two-year average data showing the effect of different P. 
hysterophorus competition periods on grain protein content of maize. The data indicated 
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Table 4.4.18. Effect of different weed-crop competition periods on harvest index (%) 
of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  40.90 a      
5  33.75 b     
6  32.36 b     
7  32.79 b     
8  32.66 b     
Full season 30.23 b     
HSD 4.267 
Contrasts  
5 WAE vs (6+7) WAE 33.75 vs 32.58NS 
6 WAE vs (7+8) WAE 32.36 vs 32.73NS 
6 WAE vs 7 WAE 32.36 vs 32.79NS 
7 WAE vs 8 WAE 32.79 vs 32.66NS 
7 WAE vs (8 WAE + Full season) 32.79 vs 31.45NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test at p < 0.05; NS indicates non-
significant. 
 167 
 
Table 4.4.19. Effect of different weed-crop competition periods on grain protein 
content (%) of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  10.18 a      
5  9.76 ab     
6  9.41 b     
7  9.53 b     
8  9.49 b     
Full season 9.49 b     
HSD 0.498 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test (p < 0.05).
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that grain protein content of maize showed a linear decline with increase in P. 
hysterophorus competition period. The highest grain protein content (10.18%) was gained 
by maize plants harvested from weed-free control plots which was non-significantly 
different from that recorded with maize plants harvested from plots where parthenium 
was allowed to compete with crop up to 5 weeks after crop emergence. Below than all, 
parthenium competition period throughout growing season of crop resulted in lowest 
grain protein content (9.49%) in maize.  
 Reduction in grain protein content of maize by increasing duration of P. 
hysterophorus competition was probably resulted from reduction in N content and N 
uptake by maize plant due to severity in weed competition stress. A significant decrease 
in grain protein content of maize by increasing weed competition period from 0 to 60 
days after emergence was also reported by Maqbool (2006b). El-Gedwy (2012) reported 
that crude protein content in maize grain was prone to significant incline by each 15 days 
decrease in weed competition period from 95 to 20 days after sowing. Similarly, 
according to Pooryousef-Myandoab et al. (2011), a significant decline in grain protein 
content of maize occurred with increase in severity of C. album weed competition. 
 
4.4.17. Effect of weed competition periods on grain oil content (%) of maize 
Maize grain oil is considered to be of superior quality edible oil and has very good 
economic value. Years could not produce significant difference in grain oil content of 
maize therefore two-year average data were only considered to be discussed. Table 4.4.20 
presents data related to grain oil content of maize as influenced by different P. 
hysterophorus competition durations. An overlook of data revealed that in both years of 
study, there was non-significant effect of P. hysterophorus competition period on grain 
oil content of maize.  
 
4.4.18. Correlation matrix between yield and yield components of maize  
 Association among grain yield and yield components of maize are shown in table 
4.4.21. Correlation analysis showed that grain yield was significantly and positively 
correlated with number of grains per cob (r = 0.89), 100-grain weight (r = 0.62) and grain 
weight per cob (r = 0.84) of maize at 1% probability level. A highly significant strong 
positive correlation was found between grain weight per cob and number of grains per 
cob with correlation coefficient of 0.95. However, 100-grain weight showed a significant 
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Table 4.4.20. Effect of different weed-crop competition periods on grain oil content 
(%) of maize at UAF. 
Weed-crop competition period (weeks after crop emergence) 
Two year (2012 
and 2013) average 
No competition (Control)  3.7     
5  3.8      
6  3.9      
7  3.8     
8  3.8     
Full season 3.9     
HSD NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test (p < 0.05). 
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Table 4.4.21. Correlation matrix between yield and yield parameters of maize at 
different weed-crop competition periods at UAF 
Yield 
components 
Grain weight per 
cob (g) 
Number of 
grains per cob 
100-grain 
weight (g) 
Grain yield  
(t ha-1) 
Two-year (2012 and 2013) means 
Number of 
grains per cob 
0.95** - - - 
100-grain weight 
(g) 
0.82** 0.72** - - 
Grain yield  
(t ha-1) 
0.84** 0.89** 0.62** - 
** indicates significant at p ≤ 0.01. 
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moderate association with grain weight per cob (r = 0.82) and number of grains per cob (r 
= 0.72) at 1% probability level.  
 
4.4.19. Correlation between P. hysterophorus density and dry weight; maize yield 
 and yield components 
 Table 4.4.22 showed correlation of P. hysterophorus competition period with its dry 
weight and yield and yield components of maize. The data indicated that parthenium 
competition period was significantly and negatively correlated with grain yield (r = -0.92), 
number of grains per cob (r = -0.93), 100-grain weight (r = -0.69) and grain weight per cob 
(r = -0.89) of maize at 1% probability level. However, a significant strong positive 
correlation was found between P. hysterophorus competition period and its dry weight at 
1% probability level as shown by r value of 0.97. 
 
4.4.20. Correlation between P. hysterophorus dry weight; maize yield and yield 
 components 
 Data representing the association of P. hysterophorus dry weight with maize yield 
and yield components are given in table 4.4.23. A perusal of data revealed that a 
significant negative correlation of parthenium dry weight existed with grain yield (r = -
0.89), number of grains per cob (r = -0.95), 100-grain weight (r =-0.67) and grain weight 
per cob (r = -0.91) of maize. 
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Table 4.4.22. Correlation between P. hysterophorus competition period (weeks after 
crop emergence); yield and yield components of maize at UAF 
Characters Two-year (2012 and 2013) means 
Weed competition period vs grain yield -0.92** 
Weed competition period vs number of grains per 
cob  
-0.93** 
Weed competition period vs 100-grain weight -0.69** 
Weed competition period vs grain weight per cob -0.89** 
Weed competition period vs weed dry weight 0.97** 
** indicates significant at p ≤ 0.01. 
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Table 4.4.23. Correlation between P. hysterophorus dry weight (g m-2); yield and yield 
components of maize at UAF.  
Characters Two-year (2012 and 2013) means 
Weed dry weight vs grain yield -0.89** 
Weed dry weight vs number of grains per cob  -0.95** 
Weed dry weight vs 100-grain weight -0.67** 
Weed dry weight vs grain weight per cob -0.91** 
** indicates significant at p ≤ 0.01. 
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4.5. Experiment No. 5: Screening herbicides for effective control of Parthenium 
hysterophorus L. in maize (Zea mays L.)  
 A description of results regarding various parameters of P. hysterophorus (weed 
density at 21 days after herbicide spray, density at harvest, weed fresh and dry weight at 
harvest, weed control efficiency, NPK-content and NPK-uptake) and maize crop (plant 
population (m-2), plant height, number of cobs per plant, number of grains per cob, 100-
grain weight, grain weight per cob, biological yield, grain yield, stalk yield, harvest index, 
grain protein content and grain oil content) is presented below: 
  
4.5.1.  Effect of herbicides on the P. hysterophorus density (plants m-2) in maize at 21 
 days after spray and at crop harvest. 
The data relevant to P. hysterophorus density recorded at 21 days after spray and 
at crop harvest remained statistically at par between two years of study. Data of both 
years were therefore pooled to get their means. Two year mean data presented in the 
tables 4.5.1 and 4.5.2 illustrate the effect of different herbicides on the P. hysterophorus 
density 21 days after herbicide application and at crop harvest, respectively. It is obvious 
from the table 4.5.1 that P. hysterophorus density was significantly affected by various 
herbicides. The lowest P. hysterophorus density (6.00 plants m-2) was shown by 
bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1. It was statistically at par with those 
recorded with dicamba @ 304.5 g a.i. ha-1 and atrazine + s-metolachlor @ 720 g a.i. ha-1 
herbicide treatments. In contrast, weedy check where no weed control was practiced 
produced the highest weed population of 34.75 P. hysterophorus plants per m2. 
Regarding P. hysterophorus density as recorded at harvest (Table 4.5.2), no P. 
hysterophorus plant was observed in plots where bromoxynil + MCPA + metribuzin @ 
470 g a.i. ha-1 was sprayed. The lowest P. hysterophorus density (2.38 plants m-2) was 
noted in response to herbicide application of dicamba @ 304.5 g a.i. ha-1 which was 
statistically similar to all other treatments except atrazine @ 360 g a.i. ha-1 and weedy 
check. This treatment was followed by atrazine + s-metolachlor @ 720 g a.i. ha-1 (3.88 
plants m-2), atrazine + nicosulfuron @ 385 g a.i. ha-1 (7 plants m-2) and atrazine @ 360 g 
a.i. ha-1 (17.38 plants m-2) in respective order regarding P. hysterophorus density.  
Contrasts regarding number of P. hysterophorus plants m-2 recorded at 21 days 
after herbicide application showed that all contrasts were significant (Table 4.5.1). 
However,  contrast comparison among various treatments with respect to number of P. 
hysterophorus plants m-2 recorded at harvest (Table 4.5.2) indicated that weedy check vs 
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Table 4.5.1. Effect of herbicides on P. hysterophorus density (m-2) in maize 21 days after 
application at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 34.75 a 
Atrazine @ 360 g a.i. ha-1 24.63 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 16.50 bc 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 10.63 cd 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 6.00 d 
Dicamba @ 304.5 g a.i. ha-1 7.75 cd 
HSD 9.176 
Contrasts  
Weedy check vs all 34.75 vs 13.10** 
Atrazine single vs atrazine combinations 24.63 vs 13.57** 
Atrazine combinations vs non-atrazine combinations 13.57 vs 6.00* 
Herbicide mixtures vs single herbicide 11.04 vs 16.19** 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05; ** indicates significant at p ≤ 0.01; 
*indicates significant at p < 0.05. 
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Table 4.5.2. Effect of herbicides on P. hysterophorus density (m-2) in maize at harvest at 
UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 44.00 a 
Atrazine @ 360 g a.i. ha-1 17.38 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 7.00 bc 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 3.88 bc 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 
Dicamba @ 304.5 g a.i. ha-1 2.38 c 
HSD 13.539 
Contrasts 
Weedy check vs all 44.00 vs 7.66** 
Atrazine single vs atrazine combinations 17.38 vs 5.44** 
Herbicide mixtures vs single herbicide 5.44 vs 9.88NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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all and atrazine single vs atrazine combinations were significant whereas herbicide 
mixtures vs single herbicide was non-significant. 
 The significant reduction in P. hysterophorus density recorded at 21 days after 
treatment as well as at harvest by all herbicide applications proved them to be effective 
and quick in action against this weed. Furthermore, gradual decline in P. hysterophorus 
density between 21 days after herbicide spray and at crop harvest was due to longer 
residual period. The lowest P. hysterophorus density by application of bromoxynil + 
MCPA + metribuzin @ 470 g a.i. ha-1 at both 21 after spray and at crop harvest might be 
the result of more rapid and efficient phytotoxic action of this herbicide against this weed.  
The outcome of present research are in a close resemblance with that of Khan et 
al. (2014) who tested various herbicides against P. hysterophorus in maize crop and 
found that spray of bromoxynil + MCPA @ 0.8 kg a.i ha-1, metribuzin @ 2 kg ha-1, 
atrazine @ 1 kg ha-1, and atrazine + s-metolachlor @ 1.5 kg ha-1 resulted in significant 
decline in the parthenium weed density compared with the weedy check. In the same 
manner, Reddy et al. (2007) from his study aimed at screening herbicides for parthenium 
control also concluded that post-emergence spray of bromoxynil @ 560 g a.i. ha-1 and 
atrazine @ 2240 g a.i. ha-1 reduced the parthenium weed density up to 33 and 36%, 
respectively compared with no-herbicide treatment as noted at 21 days after herbicide 
spray. Among various herbicides employed for the post-emergence control of parthenium, 
Javaid (2007) also found bromoxynil + MCPA @ 1.0, 0.75, 0.5 and 0.25 kg ha-1 to be 
most effective against this weed. He noted 100% death of 5 and 8 weeks old parthenium 
plants within 7 days of spaying them with this herbicide at all doses tested.    
 
4.5.2.  Effect of herbicides on the fresh weight of P. hysterophorus (g m-2) in maize at 
 harvest.  
Data presented in table 4.5.3 indicate that year effect was significant on P. 
hysterophorus fresh weight. The data of two years were therefore presented and described 
individually. Data showed that various herbicide treatments significantly reduced fresh 
weight of P. hysterophorus as observed at harvest compared with weedy check in both 
years of study. The lowest fresh weight (53.25 g m-2 in year 2012 and 22.36 g m-2 in year 
2013) of P. hysterophorus was shown by dicamba @ 304.5 g a.i. ha-1. This 
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Table 4.5.3. Effect of herbicides on P. hysterophorus fresh weight (g m-2) in maize at 
harvest at UAF. 
Treatments 2012 2013 
Weedy check 455.73 a 402.18 a 
Atrazine @ 360 g a.i. ha-1 269.31 b 292.24 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 193.67 c 135.11 c 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 101.55 d 69.81 d 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 53.25 e 22.36 e 
HSD 27.517 24.979 
Year 214.70 A          184.34 B 
HSD 21.928 
Contrasts 
Weedy check vs all 455.73 vs 54.45** 402.18 vs 129.88** 
Atrazine single vs atrazine combinations 269.31 vs 47.61** 292.24 vs 102.46** 
Herbicide mixtures vs single herbicide 147.61 vs 161.28** 102.46 vs 157.30** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at 
p ≤ 0.01.
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herbicide treatment was followed by atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine + 
nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 with respect to P. 
hysterophorus fresh weight during both experimental years. Contrast comparisons for 
fresh weight of P. hysterophorus (m-2) in maize at harvest showed that all contrasts 
among different weed control treatments remained statistically significant during both 
years of study.  
The weed fresh weight at crop harvest reflects cumulative growth behavior of that 
weed throughout crop growing season. Moreover, compared with weed density recorded 
at various intervals, it expresses, in a better way,  the influence of crop competition as 
well as various weed management practices conducted during crop growth on weeds. 
Compared with all other herbicide treatments, significantly lower fresh weight of P. 
hysterophorus in maize by application of bromoxynil + MCPA + metribuzin @ 470 g a.i. 
ha-1 and dicamba @ 304.5 g a.i. ha-1 may be attributed to highest bio-efficacy and 
phytotoxic action of these herbicides against this weed that resulted in lower density and 
suppressed weed growth.  These results are in great analogy with those of Khan et 
al. (2014) who also reported that fresh weight of P. hysterophorus and associated weeds 
in maize was significantly declined by application of various herbicides including 
bromoxynil + MCPA,  metribuzin, atrazine, s-metolachlor and atrazine + s-metolachlor 
compared with weedy check. However, comparative performance of these herbicides was 
variable among themselves with respect to weed control. While making comparison 
among three herbicides, the significantly lowest weed fresh biomass by atrazine spray 
than with that of pendimethalin and 2,4-D in maize was also mentioned by Khan et al. 
(2012a). Naveed et al. (2008) also found that fresh weight of T. portulacastrum at 40 days 
after sowing tended to show a significant decline by use of post-emergence herbicides for 
controlling weeds in maize.  
 
4.5.3.  Effect of herbicides on the dry weight of P. hysterophorus (g m-2) in maize at 
 harvest.  
Like fresh weight, P. hysterophorus dry weight was also affected significantly by 
year therefore its data of two years were arranged and discussed individually. The data 
given in the table 4.5.4 describe the effect of the application of different herbicides on dry 
weight of P. hysterophorus in maize. A perusal of data revealed that significant 
differences existed among various treatments with respect to P. hysterophorus dry weight 
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Table 4.5.4. Effect of herbicides on P. hysterophorus dry weight (g m-2) at harvest in 
maize at UAF. 
Treatments 2012 2013 
Weedy check 96.06 a 90.27 a 
Atrazine @ 360 g a.i. ha-1 56.50 b 47.61 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 38.60 c 26.98 c 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 21.60 d 12.41 d 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 9.70 e 2.90 e 
HSD 8.098 9.346 
Year 44.49 A 36.04 B 
HSD 6.874 
Contrasts 
Weedy check vs all 96.06 vs 31.60** 90.27 vs 22.48** 
Atrazine single vs atrazine combinations 56.50 vs 30.10** 47.61 vs 19.70** 
Herbicide mixtures vs single herbicide 30.10 vs 33.10** 19.70 vs 25.26** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at 
p ≤ 0.01. 
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during both the years of study. All herbicides caused significant reduction in dry weight 
of this weed as compared to weedy check in both experimental years. However, among 
various herbicidal treatments, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 was 
proved to be the best in controlling P. hysterophorus as it resulted in no weed in both 
years of study. Dicamba @ 304.5 g a.i. ha-1 could be ranked at second position as it gave 
significantly the lowest P. hysterophorus dry weight of 9.7 g m-2 during year 2012 and 
2.9 g m-2 during year 2013. While atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine + 
nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 could be ranked at third, 
fourth and fifth position with respect to causing reduction in P. hysterophorus dry weight. 
 All Contrasts viz., weedy check vs all, atrazine single vs atrazine combinations, 
and herbicide mixtures vs single herbicides remained statistically significant regarding 
dry weight of P. hysterophorus in maize at harvest during both the years (Table 4.5.4). 
 In this study, significant reduction in dry weight of P. hysterophorus in maize by 
application of herbicides than weedy check seem to be the result of reduced fresh weight 
of this weed  under the influence of herbicide. These results are in accordance with those 
of Najafi and Ghadiri (2012) who observed that dry weigh of field bindweed 
(Convolvulus arvensis L.) and redroot pigweed (Amaranthus retroflexus L.) in maize 
tended to decrease significantly in response to post-emergence spray of atrazine + 
alachlor and 2,4-D + MCPA compared with untreated control. Significant reduction in 
weed dry biomass by application of metribuzin in maize was also recorded by Saudy 
(2013). Similarly, Aghdam et al. (2013) demonstrated that in comparison with weedy 
check, post-emergence application of nicosulfuron caused significant decreases in dry 
weight of redroot pigweed and common lambsquarters (C. album) in maize.  In another 
study, Haji et al. (2012) also found significant reduction in dry biomass of mixed weed 
flora in maize by application of different herbicides in comparison with weedy check 12 
weeks after planting. Ali et al. (2003) and Głowacka (2011) also reported a significant 
decline in dry weight of weeds growing in maize crop by the use of herbicides including 
post-emergence application of atrazine.  
 Data related to weed control efficiency (%) of different herbicides calculated on 
the basis of P. hysterophorus dry weight reduction compared with weedy check are 
depicted in figure 4.12. An overlook of data indicated that various herbicidal treatments 
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Figure 4.12. Weed control efficiency (WCE) of different herbicides for controlling P. 
hysterophorus in maize at UAF in year 2012 and 2013.
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gave P. hysterophorus control efficiency of 41.2 to 100%. The highest weed control 
efficiency of 100% in both experimental years was calculated from plots which were 
sprayed with bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 as this herbicide 
treatment left no P. hysterophorus uncontrolled. This was followed by those observed 
with dicamba @ 304.5 g a.i. ha-1 (90 and 96.8%), atrazine + s-metolachlor @ 720 g a.i. 
ha-1 (77.5 and 86.3%), atrazine + nicosulfuron @ 385 g a.i. ha-1 (59.8 and 70.1%) and 
atrazine @ 360 g a.i. ha-1 (41.2 and 47.3%) during years 2012 and 2013, respectively.   
 The highest weed control efficiency of bromoxynil + MCPA + metribuzin @ 470 
g a.i. ha-1 was possibly be owing to its greatest herbicidal activity against P. 
hysterophorus. These results are in line with those of Reddy et al. (2007), who calculated 
parthenium control efficiencies of different herbicides based on weed density in pot 
experiment under greenhouse conditions. They found that post-emergence weed control 
efficiencies of bromoxynil and atrazine against this weed were ranged from 33 to 51% 
and 36 to 43%, respectively.  However, up to 100% weed control efficiency against P. 
hysterophorus was attained by bromoxynil + MCPA and atrazine at 7 and 10 days, 
respectively after herbicide application (Javaid et al., 2007). Wožnica and Idziak (2010) 
recorded weed control efficiency ranging from 92 to 99% by various post-emergence 
herbicides including nicosulfuron and tritosulfuron + dicamba in maize. Weed control 
efficiency of 30 and 42% for controlling T. portulacastrum with post-emergence 
application of metolachlor + atrazine was also recorded by Nadeem et al. (2010) in maize. 
However, they found weed control efficiency by this herbicide for mixed weed flora at 
harvest was 27%.  
 
4.5.4. Effect of herbicides on P. hysterophorus NPK-content (%) at harvest in maize. 
Year imparted significant influence on P. hysterophorus N and P-content whereas 
non-significant influence on P. hysterophorus K-content. The two year data related to P. 
hysterophorus K-content were therefore combined to get their means whereas of P. 
hysterophorus N and P-content were kept separate. Data presented in the tables 4.5.5 and 
4.5.6 indicate the effect of different herbicide treatments on P. hysterophorus N-content 
and P-content, respectively at crop harvest. It is obvious from the data that both N- and P-
content of P. hysterophorus was enhanced by the application of different herbicide 
treatments in both the years of study. The maximum N-content (4.56% and 5.39% during 
year 2012 and 2013) and P-content (0.69% and 0.54% during year 2012 and 2013) was 
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Table 4.5.5. Effect of herbicides on N-content (%) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 2012 2013 
Weedy check 2.88 c 4.63 c 
Atrazine @ 360 g a.i. ha-1 3.30 bc 4.69 bc 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 3.65 b 4.84 bc 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 3.72 b 5.18 ab 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 4.56 a 5.39 a 
HSD 0.611 0.500 
Year 3.62 B            4.95 A            
HSD 0.431 
Contrasts 
Weedy check vs all 2.88 vs 3.81** 4.63 vs 5.03** 
Atrazine single vs atrazine combinations 3.30 vs 3.69** 4.69 vs 5.01* 
Herbicide mixtures vs single herbicide 3.69 vs 3.93** 5.01 vs 5.04NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
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Table 4.5.6. Effect of herbicides on P-content (%) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 2012 2013 
Weedy check 0.43 d 0.25 b 
Atrazine @ 360 g a.i. ha-1 0.48 cd 0.28 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 0.52 c 0.32 b 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 0.60 b 0.45 a 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 0.69 a 0.54 a 
HSD 0.055 0.099 
Year 0.54 A 0.37 B 
HSD 0.0343 
Contrasts 
Weedy check vs all 0.43 vs 0.57** 0.25 vs 0.40** 
Atrazine single vs atrazine combinations 0.48 vs 0.56** 0.28 vs 0.39** 
Herbicide mixtures vs single herbicide 0.56 vs 0.59** 0.39 vs 0.41* 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant 
at p ≤ 0.01; *indicates significant at p < 0.05. 
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found in the P. hysterophorus plants which were sprayed with dicamba @ 304.5 g a.i. ha-
1. However, this treatment was significantly different from all other treatments during 
year 2012 while remained statistically at par with atrazine + s-metolachlor @ 720 g a.i. 
ha-1 during year 2013 with respect to P. hysterophorus N and P-content. Atrazine + s-
metolachlor @ 720 g a.i. ha-1, atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 
360 g a.i. ha-1 could be placed at second, third and fourth position regarding both N and 
P-content of P. hysterophorus. The lowest N-content (2.88% in year 2012 and 4.63% in 
year 2013) and P-content (0.43% in year 2012 and 0.25% in year 2013) in P. 
hysterophorus was recorded with weedy check treatment where no weed control was 
employed.  
Among contrast comparison with respect to P. hysterophorus N-content, weedy 
check vs all and atrazine single vs atrazine combinations were significant during both 
years of study (Table 4.5.5). However, herbicide mixtures vs single herbicide was 
significant in year 2012 while non-significant in year 2013. A comparison between 
contrasts for P. hysterophorus P-content showed that all contrasts remained statistically 
significant during both years of study (Table 4.5.6).  
 Higher N- and P-content of P. hysterophorus weed in treatments where herbicides 
were sprayed seem to be due to lower number of plants per m2 of this weed which 
enjoyed a higher N and P nutrient pool per unit area. An increase in N-content of T. 
portulacastrum with weed control by s-metolachlor in cotton was also mentioned by 
Anjum et al. (2007).  
Data given in table 4.5.7 depicted an overall picture of K-content of P. 
hysterophorus as influenced by different herbicidal treatments in maize. A revelation of 
data indicated that P. hysterophorus K-content was increased by herbicide spraying. The 
highest K-content (3.75%) of P. hysterophorus was approached by application of dicamba 
@ 304.5 g a.i. ha-1. However, this P. hysterophorus K-content did not differ significantly 
from that observed with atrazine + s-metolachlor @ 720 g a.i. ha-1. Herbicide treatments 
atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 follow it. In 
contrast, minimum K-content (2.63%) in P. hysterophorus was noted in weedy check 
treatment. All the contrast comparisons presented in the table 4.5.7 are significant except 
the contrast between herbicide mixtures vs single herbicide. Głowacka (2011) also found 
that macronutrient content of C. album and Cirsium arvense tended to increase in 
response to use of herbicides due to reduction in their density in maize crop.  
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Table 4.5.7. Effect of herbicides on K-content (%) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 
Two year (2012 
and 2013) average 
Weedy check 2.63 c     
Atrazine @ 360 g a.i. ha-1 3.06 bc     
Atrazine + nicosulfuron @ 385 g a.i. ha-1 3.29 b      
Atrazine + s-metolachlor @ 720 g a.i. ha-1 3.38 ab     
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 
Dicamba @ 304.5 g a.i. ha-1 3.75 a       
HSD 0.4404 
Contrasts 
Weedy check vs all 2.63 vs 3.37** 
Atrazine single vs atrazine combinations 3.06 vs 3.33* 
Herbicide mixtures vs single herbicide 3.33 vs 3.40NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05. 
 188 
 
In the present study, higher K-content in parthenium plants growing in plots where 
herbicides were spayed might be the result of lower parthenium plant population that 
increased K-nutrient availability per parthenium plant resulting in higher K-content in 
parthenium plants. Anjum et al. (2007) also reported that K-content of T. portulacastrum 
weed was prone to enhance in response to application of s-metolachlor in cotton. Increase 
in K-content of C. album and C. arvense by herbicidal weed control in maize on account 
of decline in their number per m2 was also corroborated by Głowacka (2011). 
 
4.5.5. Effect of herbicides on P. hysterophorus NPK-uptake (kg ha-1) at harvest in 
maize. 
Data pertaining to N, P and K-uptake by P. hysterophorus are arranged in tables 
4.5.8, 4.5.9 and 4.5.10, respectively. Year effect was significant on P. hysterophorus N 
and P-uptake whereas non-significant on P. hysterophorus K-uptake. Individual year data 
of P. hysterophorus N and P-uptake whereas two year mean data of P. hysterophorus K-
uptake were therefore subjected to explanation. Effect of application of herbicides on N-
uptake by P. hysterophorus was found to be significant during both the years of study 
(Table 4.5.8). The lowest N-uptake (4.57 kg ha-1 during year 2012 and 1.57 kg ha-1 during 
year 2013) by P. hysterophorus was recorded in treatment receiving herbicidal 
application of dicamba @ 304.5 g a.i. ha-1. This herbicide treatment was significantly 
different from all other treatments during year 2012 but remained statistically at par with 
atrazine + s-metolachlor @ 720 g a.i. ha-1 during year 2013.  Atrazine + nicosulfuron @ 
385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 were ranked at second and third positions, 
respectively in this regard during both experimental years. Contrastingly, weedy check 
where P. hysterophorus was allowed to grow throughout the crop season and no weed 
control was done showed the highest N-uptake (27.32 kg ha-1 in year 2012 and 41.9 kg 
ha-1 in year 2013) by P. hysterophorus. Regarding contrast comparison, all contrasts made 
were found to be significant with respect to P. hysterophorus N uptake during both 
experimental years. 
Weeds due to their competitor nature feed heavily on nutrients compared with 
crop. In our study, higher N-uptake by P. hysterophorus at harvest in plots kept weedy all 
through the season can be attributed to higher dry weight of this weed. Whereas reduction 
in N-uptake by parthenium in response to 
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Table 4.5.8. Effect of herbicides on N-uptake (kg ha-1) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 2012 2013 
Weedy check 27.32 a 41.90 a 
Atrazine @ 360 g a.i. ha-1 18.65 b 22.37 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 14.06 c 13.20 c 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 8.12 d 6.37 d 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 4.57 e 1.57 d 
HSD 2.301 5.650 
Year 14.54 B  17.08 A  
HSD 1.250 
Contrasts 
Weedy check vs all 27.32 vs 11.35** 41.90 vs 10.88** 
Atrazine single vs atrazine combinations 18.65 vs 11.09** 22.37 vs 9.79** 
Herbicide mixtures vs single herbicide 11.09 vs 11.61** 9.79 vs 11.97** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at 
p ≤ 0.01. 
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Table 4.5.9. Effect of herbicides on P-uptake (kg ha-1) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 2012 2013 
Weedy check 4.07 a 2.25 a 
Atrazine @ 360 g a.i. ha-1 2.68 b 1.33 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 2.05 c 0.86 c 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 1.30 d 0.57 c 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 0 
Dicamba @ 304.5 g a.i. ha-1 0.66 e 0.16 d 
HSD 0.389 0.322 
Year 2.150 A 1.034 B 
HSD 0.508 
Contrasts 
Weedy check vs all 4.07 vs 1.67** 2.25 vs 0.73** 
Atrazine single vs atrazine combinations 2.68 vs 1.67** 1.33 vs 0.72** 
Herbicide mixtures vs single herbicide 1.67 vs 1.67** 0.72 vs 0.75** 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test at p < 0.05;  ** indicates significant at 
p ≤ 0.01. 
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Table 4.5.10. Effect of herbicides on K-uptake (kg ha-1) of P. hysterophorus in maize at 
harvest at UAF. 
Treatments 
Two year (2012 
and 2013) average 
Weedy check 24.70 a        
Atrazine @ 360 g a.i. ha-1 15.86 b       
Atrazine + nicosulfuron @ 385 g a.i. ha-1 10.92 c      
Atrazine + s-metolachlor @ 720 g a.i. ha-1 5.80 d 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 0 
Dicamba @ 304.5 g a.i. ha-1 2.46 d     
HSD 3.828 
Contrasts 
Weedy check vs all 24.70 vs 8.76** 
Atrazine single vs atrazine combinations 15.86 vs 8.36** 
Herbicide mixtures vs single herbicide 8.36 vs 9.16NS 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively. 
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herbicide application seem to be due to reduction in biomass per ha of this weed. These 
results are supported by the research findings of Sonawane et al. (2014) who also 
established that N-uptake by weeds in maize crop was prone to significant decline by 
weed control through herbicides atrazine and 2,4-D which was nearer to that obtained in 
weed control by hand weeding. Anjum et al. (2007) and Ikram et al. (2012) also reported 
that N uptake by weeds increased in weedy check and reduced under the influence of 
herbicides. Similarly, Gaikwad and Pawar (2003) also reported that weeds removed 33.53 
Kg ha-1 of N in weedy plots. 
 Data presented in table 4.5.9 revealed that all herbicide treatments significantly 
reduced P-uptake by P. hysterophorus. Among various herbicides, significantly the 
lowest P-uptake (0.66 kg ha-1 during year 2012 and 0.16 kg ha-1 during year 2013) by P. 
hysterophorus was noted with dicamba @ 304.5 g a.i. ha-1. While atrazine + s-
metolachlor @ 720 g a.i. ha-1, atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 
360 g a.i. ha-1 remained at second, third and fourth position in this regard during both 
years of study. Contrast comparison showed that all contrasts constituted among different 
treatments were statistically significant during both experimental years.  
More P-uptake on per unit area basis by P. hysterophorus in maize plots kept 
weedy throughout growing season was presumably due to higher biomass of this weed in 
them.  However, decline in parthenium P-uptake by various herbicides may be attributed 
to reduction in biomass of this weed. These results are in line with those of Kelaginamani 
and Halikatti (2002), Anjum et al. (2007) and Sonawane et al. (2014) who also noticed 
that P-uptake by weeds tended to reduced significantly by reducing weed infestation with 
application of various herbicides in cotton and maize.  
Table 4.5.10 presents data relevant to K-uptake by P. hysterophorus as influenced 
by various herbicides in maize. An overlook of data indicated that like N and P, uptake of 
K by parthenium was also declined significantly in response to various herbicide 
treatments compared to weedy check.  Among herbicide treatments, minimum K-uptake 
(2.46 kg ha-1) was achieved by P. hysterophorus weed growing in plots treated with 
dicamba @ 304.5 g a.i. ha-1 which was statistically similar to that observed with atrazine 
+ s-metolachlor @ 720 g a.i. ha-1. Atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine 
@ 360 g a.i. ha-1 followed these treatments with respect to causing reduction in K-uptake 
by P. hysterophorus. All contrast comparisons with respect to P. hysterophorus K-uptake 
were proved to be significant during both years of study except between herbicide 
mixtures vs single herbicide. 
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In the present study, like other nutrients, more uptake of K by P. hysterophorus in 
weedy check can also be attributed to higher P. hysterophorus dry weight. While the 
reduction in biomass of P. hysterophorus by herbicides also resulted in reduced K-uptake 
by this weed. These results are in accordance with the research findings of Głowacka 
(2011) who reported that K-uptake by Galinsoga parviflora Cav., C. album and C. 
arvense showed significant decreases by herbicide application in maize. In the same 
pattern, Anjum et al. (2007) also concluded that K-uptake by T. portulacastrum was 
significantly reduced up to 75% compared with weedy check by the use of s-metolachlor 
in cotton. K-uptake of up to 72.19 Kg ha-1 by weeds in weedy check plots of soybean crop 
was also recorded by Gaikwad and Pawar (2003). 
 
4.5.6. Effect of herbicides on plant population (m-2) of maize.  
 Plant population (m-2) of maize did not differ between two years of study therefore 
data of both years were averaged. Table 4.5.11 illustrates two-year mean data regarding 
plant population of maize as affected by herbicide application. It is obvious from the data 
that various herbicide treatments imposed non-significant differences on plant population 
of maize recorded at harvest. Non-significant effect of weed control treatments on plant 
population of maize crop was due to maintenance of uniform plant to plant and row to 
row distance at crop sowing.  
 
4.5.7. Effect of herbicides on plant height (cm) of maize.  
 Plant height is a function of the genetic as well as the environmental conditions 
(Sarwar, 1994), which contributes to biomass production of a crop. In weed management 
studies, plant height of crop is a good indicator of better crop stand as a consequence of 
better weed control. Year imparted non-significant influence upon plant height of maize. 
The data of both study years were therefore pooled to get two-year average. Data 
presented in table 4.5.12 showed that different herbicide treatments produced significant 
differences in plant height of maize as recorded at harvesting stage. Maximum plant 
height (230.6 cm) of maize was measured from plants harvested from plots treated with 
herbicide bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 which remained 
statistically at par with that recorded from maize plants harvested from plots treated with 
dicamba @ 304.5 g a.i. ha-1. Moreover, these treatments were followed by atrazine + s-
metolachlor @ 720 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 
360 g a.i. ha-1 with respect to plant height.  
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Table 4.5.11. Effect of herbicides on plant population (m-2) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 7.38   
Atrazine @ 360 g a.i. ha-1 7.63    
Atrazine + nicosulfuron @ 385 g a.i. ha-1 7.38    
Atrazine + s-metolachlor @ 720 g a.i. ha-1 7.50    
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 7.63    
Dicamba @ 304.5 g a.i. ha-1 7.25    
HSD NS 
NS = non-significant. 
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Table 4.5.12. Effect of herbicides on plant height (cm) of maize at harvest at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 175.00 c 
Atrazine @ 360 g a.i. ha-1 192.31 b 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 206.51 b 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 206.44 b 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 230.60 a 
Dicamba @ 304.5 g a.i. ha-1 228.72 a 
HSD 15.853 
Contrasts 
Weedy check vs all 175.00 vs 212.92** 
Atrazine single vs atrazine combinations 192.31 vs 206.48** 
Atrazine combinations vs non-atrazine combinations 206.48 vs 230.60** 
Herbicide mixtures vs single herbicide 214.52 vs 210.52NS 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-significant and 
significant at p ≤ 0.01, respectively.
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The lowest plant height (175 cm) of maize was observed with weedy check treatment 
where no weed control treatment was applied. All contrasts constituted among various 
treatments with respect to plant height were found to be significant except herbicide 
mixtures vs single herbicide which was non-significant (Table 4.5.12).  
 Increase in plant height of maize in response to different herbicides was 
presumably attributed to better parthenium weed control by them which in turn reduced 
severity of weed competition that ultimately resulted in better plant growth. These results 
are in close conformity to the findings of Tahir et al. (2009) and Nadeem et al. (2010) 
who found that plant height of maize was significantly enhanced by adopting weed 
control in maize with pre-emergence application of pendimethalin and pendimethalin + 
prometryn, and post-emergence application of atrazine + s-metolachlor and acetochlor. 
Khan et al. (2014) also found that bromoxynil + MCPA, metribuzin, atrazine + s-
metolachlor and atrazine single resulted in significant increase in plant height of maize by 
imposing efficient control of mixed weed flora including parthenium. These results are 
also in accordance with those of Khan et al. (2012b) and Mahadi (2014) who also 
concluded that plant height of maize was prone to significant incline in response to 
atrazine, atrazine + metolachlor and 2,4-D than untreated weedy check. 
 
4.5.8. Effect of herbicides on number of cobs per plant of maize.  
Number of cobs in maize is presumed to be a trait which is genetically 
determined. However, to some extent it is partially influenced by plant environment. 
Under normal growing conditions, only one cob per plant is produced by maize hybrid 
DK-919. The data presented in the table 4.5.13 showed that number of cobs per plant of 
maize was not significantly affected by years whereas significantly affected by various 
weed control treatments during both years of study. A non-significant effect of various 
herbicide applications including atrazine + metolachlor and acetochlore applied as post-
emergence spray on number of cobs per plant of hybrid maize was also reported by 
Nadeem et al. (2010).  
 
4.5.9. Effect of herbicides on number of grains per cob of maize. 
Number of grains per cob is an important yield component of maize which 
contributes directly to its final grain yield. Due to non-significant effect of years on 
number of grains per cob of maize, its data of both years were combined to get two-year 
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Table 4.5.13. Effect of herbicides on number of cobs per plant of maize at UAF. 
Treatments 2012 2013 
Weedy check 1.03 1.00 
Atrazine @ 360 g a.i. ha-1 1.00 1.00 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 1.05 1.00 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 1.00 1.00 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 1.10 1.00 
Dicamba @ 304.5 g a.i. ha-1 1.08 1.00 
HSD NS NS 
Year 1.04 A 1.00 B 
HSD 0.015 
NS = non-significant. 
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means. The data presented in the table 4.5.14 depicted the effect of the application of 
different herbicides on the number of grains per cob of maize. The results reveal that in 
comparison with weedy check, various herbicides increased the number of grains per cob 
of maize to variable degree. Among all herbicide treatments, the highest number of grains 
per cob (511.7) of maize was recorded with bromoxynil + MCPA + metribuzin @ 470 g 
a.i. ha-1 that was statistically at par with that observed with dicamba @ 304.5 g a.i. ha-1 
(481.3) These treatments were followed by atrazine + s-metolachlor @ 720 g a.i. ha-1, 
atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 as 439.4, 408.8 
and 382.0 grains per cob , respectively were counted from these treatments.  
Contrast comparisons for number of grains per cob of maize showed that all 
contrasts were significant except herbicide mixtures vs single herbicide (Table 4.5.14).  
The significant improvement in number of grains per cob of maize under weed 
control treatments bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1, dicamba @ 304.5 
g a.i. ha-1, atrazine + s-metolachlor @ 720 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g 
a.i. ha-1 may be attributed to efficient parthenium weed control by these herbicides. 
Therefore less weed competition with maize crop at the start of its reproductive growth 
phase resulted in higher number of grains per cob in maize. These results are quite in 
collaboration with those of Nadeem et al. (2010), Khatam et al. (2013), and Nuraky and 
Rahmany (2013) who also revealed that post-emergence application of s-metolachlor, 
metolachlor + atrazine, and nicosulfuron for weed control in maize produced significant 
increase in its number of grains per cob. Significant increase in number of grains per cob 
of maize by weed control through herbicides including bromoxynil + MCPA, metribuzin, 
atrazine + s-metolachlor and atrazine alone was also reported by Khan et al. (2014). They 
mentioned that these herbicides gave effective control against mixed weed flora 
dominated by parthenium.  
 
4.5.10. Effect of herbicides on 100-grain weight (g) of maize. 
Among various yield components of maize, 100-grain weight is of utmost 
importance. Cobs with large number of grains and higher 100-grain weight produce 
higher grain yield. Two years' data pertaining to 100-grain weight of maize were pooled 
as year effect was non-significant. Two-year mean data of 100-grain weight of maize as 
affected by various weed control treatments are accessible from table 4.5.15. Data 
highlighted that significant differences existed among various weed treatments. Among 
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Table 4.5.14. Effect of herbicides on number of grains per cob of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 301.6 d     
Atrazine @ 360 g a.i. ha-1 382.0 c      
Atrazine + nicosulfuron @ 385 g a.i. ha-1 408.8 c      
Atrazine + s-metolachlor @ 720 g a.i. ha-1 439.4 bc      
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 511.7 a        
Dicamba @ 304.5 g a.i. ha-1 481.3 ab       
HSD 69.84 
Contrasts 
Weedy check vs all 301.60 vs 444.64** 
Atrazine single vs atrazine combinations 382.00 vs 424.10* 
Atrazine combinations vs non-atrazine combinations 424.10 vs 511.70** 
Herbicide mixtures vs single herbicide 453.30 vs 431.65NS 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-significant and 
significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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Table 4.5.15. Effect of herbicides on 100-grain weight (g) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 27.9 b     
Atrazine @ 360 g a.i. ha-1 28.9 b     
Atrazine + nicosulfuron @ 385 g a.i. ha-1 30.1 ab     
Atrazine + s-metolachlor @ 720 g a.i. ha-1 30.8 ab     
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 33.4 a      
Dicamba @ 304.5 g a.i. ha-1 31.1 ab     
HSD 3.68 
Contrasts 
Weedy check vs all 27.88 vs 30.85** 
Atrazine single vs atrazine combinations 28.88 vs 30.47NS 
Atrazine combinations vs non-atrazine combinations 30.47 vs 33.35** 
Herbicide mixtures vs single herbicide 31.43 vs 29.98NS 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  NS and ** indicate non-significant and 
significant at p ≤ 0.01, respectively.
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herbicides used in the study, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 
produced the highest 100-grain weight (33.4 g) of maize which was non-significantly 
different from that produced by all other herbicides except atrazine @ 360 g a.i. ha-1 
which gained 28.9 g 100-grain weight of maize. In distinction, minimum 100-grain 
weight (27.9) was noted with weedy check treatment where P. hysterophorus weed was 
allowed to compete with maize for full growing season.  
Among various contrasts constructed with respect to 100-grain weight of maize, 
contrast between weedy check vs all, and atrazine single vs atrazine combinations 
remained significant (Table 4.5.15).  
The enhancement in 100-grain weight of maize by application of herbicide 
bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 was probably due to better 
parthenium control by it which decreased weed competition. The lower weed competition 
stress during grain filling stage resulted in higher grain weight of maize due to more 
production of assimilates. Similar results have also been published by Nadeem et al. 
(2010) and Khatam et al. (2013) who noted that 1000-grain weight of maize was 
significantly promoted by chemical weed control using post-emergence application of s-
metolachlor, metolachlor + atrazine, and nicosulfuron herbicides. Khan et al. (2014) 
concluded that effective control of weeds including parthenium by using herbicides viz., 
bromoxynil + MCPA, metribuzin and atrazine + s-metolachlor resulted in significant 
enhancement of 1000-grain weight in maize. 
 
4.5.11. Effect of herbicides on grain weight per cob (g) of maize. 
Grain weight per cob underlies two important yield contributing traits which are 
number of grains per cob and grain weight. Therefore it depends directly upon these two 
yield components. Two-year pooled data related to grain weight per cob of maize are 
given in table 4.5.16. An overlook of data revealed that in comparison with weedy check, 
all herbicide treatments significantly increased grain weight per cob of maize. Among 
herbicide treatments, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 showed best 
performance by attaining significantly the highest grain weight per cob (170.55 g) of 
maize. Among other herbicides, dicamba @ 304.5 g a.i. ha-1, atrazine + s-metolachlor @ 
720 g a.i. ha-1, atrazine + nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 
could be ranked at second, third, fourth and fifth positions, respectively in this regard. All 
contrast comparisons were found to be significant.  
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Table 4.5.16. Effect of herbicides on grain weight per cob (g) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 83.64 e 
Atrazine @ 360 g a.i. ha-1 109.23 d 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 122.35 cd 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 134.85 bc 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 170.55 a 
Dicamba @ 304.5 g a.i. ha-1 149.40 b 
HSD 15.429 
Contrasts 
Weedy check vs all 83.64 vs 137.28** 
Atrazine single vs atrazine combinations 109.23 vs 128.60** 
Atrazine combinations vs non-atrazine combinations 128.60 vs 170.55** 
Herbicide mixtures vs single herbicide 142.58 vs 129.32** 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at p ≤ 0.01.
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 The achievement of higher grain weight per cob of maize by herbicide treatments 
seems to be due to higher number of grains and higher 100-grain weight by these 
treatments. These both parameters contributed positively in an additive way towards 
higher grain weight per cob of maize. A significant positive association of grain weight 
per cob with number of grains per cob (r = 0.97) and 100-grain weight (r = 0.84) was 
shown by correlation analysis (Table 4.5.23). These results corroborate with the findings 
of Haji et al. (2012) who found significantly higher grain weight per plant of maize by 
means of chemical weed control. 
 
4.5.12. Effect of herbicides on biological yield (t ha-1) of maize. 
Biological yield includes all which a crop produces throughout its growing season. 
Year effect was found to be non-significant on biological yield of maize. The data of both 
experimental years related to biological yield of maize were therefore combined to get 
two-year means. The perusal of data within table 4.5.17 indicates significant differences 
in biological yield of maize among various weed control treatments. Some herbicidal 
treatments imparted significant increase on biological yield of maize as compared to that 
observed with weedy check. Among various herbicides used in the study, bromoxynil + 
MCPA + metribuzin @ 470 g a.i. ha-1 produced significantly the highest biological yield 
(27.92 t ha-1) of maize. The second highest biological yield (22.89 t ha-1) was gained by 
maize crop harvested from plots where dicamba @ 304.5 g a.i. ha-1 was applied. Whereas, 
atrazine + s-metolachlor @ 720 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g a.i. ha-1 
followed these herbicidal treatments during both years of study. Contrastingly, the lowest 
biological yield (12.55 t ha-1) was recorded with weedy check where P. hysterophorus 
weed was allowed to compete with maize for full growing season without any control 
practice. This treatment was statistically similar with atrazine @ 360 g a.i. ha-1 with 
respect to biological yield of maize. Contrast comparisons for biological yield of maize 
showed that all contrasts were significant.  
Greater biological yield harvested from herbicide treated plots viz., bromoxynil + 
MCPA + metribuzin @ 470 g a.i. ha-1, dicamba @ 304.5 g a.i. ha-1, atrazine + s-
metolachlor @ 720 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g a.i. ha-1 seems to be 
due to effective P. hysterophorus control by them. Increase in biological yield of maize 
by these herbicidal treatments was the cumulative result of individual increases in plant 
height, number of grains per cob, 100-grain weight and grain weight per cob. These 
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Table 4.5.17. Effect of herbicides on biological yield (t ha-1) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 12.55 e     
Atrazine @ 360 g a.i. ha-1 13.65 e     
Atrazine + nicosulfuron @ 385 g a.i. ha-1 16.34 d      
Atrazine + s-metolachlor @ 720 g a.i. ha-1 19.17 c       
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 27.92 a         
Dicamba @ 304.5 g a.i. ha-1 22.89 b        
HSD 2.361 
Contrasts 
Weedy check vs all 12.55 vs 19.99** 
Atrazine single vs atrazine combinations 13.65 vs 17.76** 
Atrazine combinations vs non-atrazine combinations 17.76 vs 27.92** 
Herbicide mixtures vs single herbicide 21.14 vs 18.27** 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at p ≤ 0.01.
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results are in close resemblance with those of Munsif  et al. (2009) and Mahadi (2014) 
who found significant enhancement in biological yield (kg ha-1) of maize as a result of 
effective weed control by atrazine + metolachlor, atrazine + S- metolachlor and S- 
metolachlor alone as compared to weedy check treatment. Similarly, significantly higher 
biological yield of maize as a result of post-emergence application of S- metolachlor and 
nicosulfuron was also mentioned by Khatam et al. (2013) and Nuraky and Rahmany 
(2013). According to most recent study by Khan et al. (2014), biological yield of maize 
was prone to significant increase from weedy check in response to herbicidal weed 
control by bromoxynil + MCPA, metribuzin and atrazine + s-metolachlor.  
 
4.5.13. Effect of herbicides on grain yield (t ha-1) of maize. 
Grain yield of maize showed non-significant difference between two years of 
study. The data related to grain yield of maize of both years were therefore pooled to get 
their means. It is evident from table 4.5.18 that grain yield of maize was significantly 
affected by application of herbicides. In comparison with weedy check, significant 
increase in maize grain yield by herbicidal application was observed. Among all 
herbicides used, the best performance was shown by the bromoxynil + MCPA + 
metribuzin @ 470 g a.i. ha-1 as it attained significantly the highest grain yield of maize 
which was 9.51 t ha-1. This herbicide treatment was followed by dicamba @ 304.5 g a.i. 
ha-1, atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine @ 360 g a.i. ha-1 and atrazine + 
nicosulfuron @ 385 g a.i. ha-1 that could be ranked at second, third, fourth and fifth 
position with respect to their performance towards grain yields of 6.96 t ha-1, 6.00 t ha-1, 
4.9 t ha-1; and 4.95 and 4.93 t ha-1, respectively.  
Data related to herbicide efficiency index (HEI), an indicator of weed-killing 
potential of herbicide along with its crop phyto-toxicity behavior, are depicted in figure 
4.13. Comparison among herbicides showed that maximum HEI (1.0) was shown by 
bromoxynil + MCPA + metribuzin @@ 470 g a.i. ha-1 which was followed by that of 
dicamba @ 304.5 g a.i. ha-1 (0.88). However, lower values of HEI were calculated from 
atrazine + s-metolachlor @ 720 g a.i. ha-1 (0.27), atrazine + nicosulfuron @ 385 g a.i. ha-1 
(0.13) and then atrazine @ 360 g a.i. ha-1 (0.07). Contrast comparisons given in table 
4.5.18 revealed that with respect to grain yield of maize, all contrasts remained 
statistically significant.  
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Table 4.5.18. Effect of herbicides on grain yield (t ha-1) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 4.00 e 
Atrazine @ 360 g a.i. ha-1 4.93 d 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 4.90 d 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 6.00 c 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 9.51 a 
Dicamba @ 304.5 g a.i. ha-1 6.96 b 
HSD 0.783 
Contrasts 
Weedy check vs all 3.99 vs 6.46** 
Atrazine single vs atrazine combinations 4.93 vs 5.45* 
Atrazine combinations vs non-atrazine combinations 5.45 vs 9.51** 
Herbicide mixtures vs single herbicide 6.80 vs 5.95** 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05; ** indicates significant at p ≤ 0.01; 
*indicates significant at p < 0.05.
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Figure 4.13. Herbicide efficiency index (HEI) of different herbicides for controlling P. hysterophorus in maize at UAF (means of year 2012 and 2013)
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 Significant increases in grain yield of maize due to use of herbicides could be 
explained by the observed increases in underlying yield components. The main yield 
contributing traits in present study which seem to be involved in backing up grain yield of 
maize were number of grains per cob, 100-grain weight and grain weight per cob. These 
parameters contributed in an additive manner to boost-up grain yield of maize. Table 
4.5.23 showed correlation analysis among grain yield and yield components of maize. 
Grain yield was proved to significantly and positively associated with number of grains 
per cob (r = 0.85), 100-grain weight (r = 0.81) and grain weight per cob (r = 0.91) as 
calculated from two year average data of these parameters. These results are in 
accordance with those of Nadeem et al. (2010) and Mahadi (2014). They also reported 
that grain yield of maize tended to increase significantly in response to application of 
atrazine and atrazine + metolachlor up to 298% more than weedy check. Moreover, 
significant increases in grain yield of maize as compared to untreated weedy check by 
post-emergence application of nicosulfuron and tritosulfuron + dicamba on account of 
broadleaf weed control up to 6 and 21%, respectively was also established by Wožnica 
and Idziak (2010).  
An early post-emergence application (at 10 cm weed canopy height) of 
bromoxynil + nicosulfuron resulted in significant increase in grain yield of maize due to 
complete weed control (Carey and Kells, 1995). These results are also in line with those 
of Knežević et al. (2003). They concluded that among various pre-and post-emergence 
herbicides aimed at controlling weeds in maize, the highest increase in grain yield from 
weedy check was achieved by post-emergence spray of bromoxynil + sulcotrione which 
was followed by nicosulfuron + thifensulfuron-methyl  due to 83 to 87% reduction in 
weed density. These results are supported by the previous findings of Saudy (2013) who 
found that grain yield of maize hybrids were significantly enhanced from weedy check by 
herbicidal application of metribuzin. They further noticed that these enhancements were 
attributed to significant increases in number of grains per cob and 100-grain weight due to 
effective weed control. Similarly, Grichar et al. (2003) also observed up to 19% increase 
in grain yield of maize by using metribuzin and flufenacet herbicide combinations over 
untreated check. Significant boost up in grain yield of maize as compared to untreated 
weedy check by bromoxynil + MCPA, metribuzin, atrazine + s-metolachlor and atrazine 
herbicide applications on account of significant reduction in density and biomass of 
mixed weed flora including parthenium was also mentioned by Khan et al. (2014).  
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4.5.14. Effect of herbicides on stalk yield (t ha-1) of maize. 
Two-year mean data presented in the table 4.5.19 show the effect of different herbicide 
treatments on the stalk yield of maize. Data highlighted that significant enhancement in 
stalk yield of maize was caused by application of herbicides used in study. Among 
herbicides, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 achieved the maximum 
stalk yield (14.74 t ha-1) of maize which remained statistically at par with that recorded 
with dicamba @ 304.5 g a.i. ha-1. Atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine + 
nicosulfuron @ 385 g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 followed it by attaining 
second highest (9.54 t ha-1) , third highest (8.39 t ha-1) and forth highest (6.74 t ha-1) stalk 
yields of maize, respectively. Below than all, maize plants harvested from weedy check 
treatment produced significantly the lowest stalk yield (4.84 t ha-1). Contrast comparisons 
among various weed control treatments showed that all contrasts with respect to stalk 
yield of maize remained significant. 
In the present study, significant increase in stalk yield of maize by herbicides may 
be attributed to increased plant height and biological yield of maize in response to use of 
herbicides. Naveed et al. (2008) also found significant increase in stalk yield of maize by 
chemical weed control through post-emergence herbicides as compared with weedy 
check.  
 
4.5.15. Effect of herbicides on harvest index (%) of maize. 
 Year effect was non-significant on harvest index of maize. The data of both years 
of study regarding harvest index of maize were therefore averaged across years to obtain 
two-year means. Data shown in table 4.5.20 revealed that application of some herbicides 
resulted in rise of harvest index of maize in comparison with weedy check experiencing 
no weed control. Among herbicide treatments applied, the highest harvest index (36.25%) 
of maize was produced in response to atrazine @ 360 g a.i. ha-1. However, this treatment 
was statistically similar to bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 with 
respect to harvest index of maize. All other treatments remained statistically at par with 
each other regarding this parameter. Contrastingly, the lowest harvest index of maize 
(30.51%) was calculated from weedy check plots where P. hysterophorus weed was 
allowed to grow throughout the growing season without practicing any weed control.  
 Statistical analysis of contrasts showed that contrasts between weedy check vs all, 
atrazine single vs atrazine combinations, and atrazine combinations vs non- atrazine 
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Table 4.5.19. Effect of herbicides on stalk yield (t ha-1) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 4.84 f 
Atrazine @ 360 g a.i. ha-1 6.74 e 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 8.39 d 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 9.54 c 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 14.74 a 
Dicamba @ 304.5 g a.i. ha-1 11.65 b 
HSD 1.122 
Contrasts 
Weedy check vs all 4.84 vs 10.21** 
Atrazine single vs atrazine combinations 6.74 vs 8.97** 
Atrazine combinations vs non-atrazine combinations 8.97 vs 14.74** 
Herbicide mixtures vs single herbicide 10.89 vs 9.20** 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  ** indicates significant at p ≤ 0.01.
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Table 4.5.20. Effect of herbicides on harvest index (%) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 30.51 b     
Atrazine @ 360 g a.i. ha-1 36.25 a 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 30.09 b     
Atrazine + s-metolachlor @ 720 g a.i. ha-1 31.44 b 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 34.19 ab     
Dicamba @ 304.5 g a.i. ha-1 31.54 b     
HSD 4.459 
Contrasts 
Weedy check vs all 30.51 vs 32.50* 
Atrazine single vs atrazine combinations 36.25 vs 30.77** 
Atrazine combinations vs non-atrazine combinations 30.77 vs 34.19* 
Herbicide mixtures vs single herbicide 31.91 vs 33.38NS 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test at p < 0.05;  NS and ** indicate non-significant and 
significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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combinations were significant (Table 4.5.20) whereas herbicide mixtures vs single 
herbicide was non-significant. 
 In comparison with weedy check, observation of higher values of harvest index of 
maize in plots where herbicides were applied may presumably be attributed to increase in 
grain yield at the expense of biological yield. An underlying physiological process may 
be greater accumulation of total dry matter in grain portion of crop under lower 
competitive weed stress. The outcomes of the present study are supported by those of 
Khan et al. (2014) who also concluded that harvest index of maize tended to show 
significant increase over untreated weedy check in response to weed control by atrazine.  
 
4.5.16. Effect of herbicides on grain protein content (%) of maize. 
 Year effect was found to be significant on grain protein content of maize therefore 
its individual year data were presented and described. Table 4.5.21 contains data showing 
the effect of different treatments applied to check better P. hysterophorus control in maize 
crop. The data indicated that grain protein content of maize showed an increase in grain 
protein content of maize by herbicide treatments compared with weedy check during both 
years of experiment. A comparison among various herbicides used in the study depicted 
that during year 2012, significantly higher grain protein content (10.55%) of maize was 
detected with dicamba @ 304.5 g a.i. ha-1. However, this herbicide treatment did not 
differ significantly from all other herbicides in this regard during year 2013. The lowest 
grain protein content (7.95% in both years) was observed in maize grains harvested from 
weedy check plots where no weed control was adopted against parthenium. Contrast 
comparison showed that contrast between weedy check vs all and herbicide mixtures vs 
single herbicide remained significant whereas other two contrasts were non-significant 
during both years of study.  
 Increase in grain protein content of maize by application of herbicides  was 
probably being resulted from efficient parthenium weed control that in-turn increased N-
uptake by maize plant due to reduced weed competition stress. Findings of the present 
study corroborate with the outcomes from those of Chopra and Angiras (2007) who found 
that grain protein content of maize were slightly improved by reducing weed infestation 
through herbicidal weed control. Similarly, Pooryousef-Myandoab et al. (2011) also 
mentioned that grain protein content of maize was prone to decline with increase in 
degree of infestation by C. album weed. 
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Table 4.5.21. Effect of herbicides on grain protein content (%) of maize at UAF. 
Treatments 2012 2013 
Weedy check 7.95 b 7.95 b 
Atrazine @ 360 g a.i. ha-1 8.48 b 8.60 ab 
Atrazine + nicosulfuron @ 385 g a.i. ha-1 8.55 b 8.53 ab 
Atrazine + s-metolachlor @ 720 g a.i. ha-1 8.58 b 8.55 ab 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 8.20 b 8.20 ab 
Dicamba @ 304.5 g a.i. ha-1 10.55 a 9.05 a 
HSD 0.892 0.906 
Year 8.72 A 8.48 B 
HSD 0.207 
Contrasts 
Weedy check vs all 7.95 vs 8.87** 7.95 vs 8.59* 
Atrazine single vs atrazine combinations 8.48 vs 8.56NS 8.60 vs 8.54NS 
Atrazine combinations vs non-atrazine 
combinations 
8.56 vs 8.20NS 8.54 vs 8.20NS 
Herbicide mixtures vs single herbicide 8.44 vs 9.51** 8.43 vs 8.83* 
Means followed by the same letter in a column did not differ significantly according to 
Tukey's honestly significant difference (HSD) test at p < 0.05; NS and ** indicate non-
significant and significant at p ≤ 0.01, respectively; *indicates significant at p < 0.05.
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4.5.17. Effect of herbicides on grain oil content (%) of maize 
 Maize grain oil is an important by product of maize as it is rich in unsaturated 
fatty acids thus considered good for heart patients. Due to non-significant effect of year 
on grain oil content of maize, its two-year mean data were calculated. Table 4.4.22 
presents data related to grain oil content of maize as influenced by different weed control 
treatments. An overlook of data revealed that there was non-significant effect of 
herbicides on grain oil content of maize. Similarly, contrasts constituted among various 
treatments also showed them to be non-significant except atrazine single vs atrazine 
combinations. 
  
4.5.18. Correlation matrix between yield and yield components of maize  
 Correlation analysis among grain yield and yield components of maize are shown 
in table 4.5.23. A significant moderate positive correlation of maize grain yield was found 
with number of grains per cob (r = 0.85), 100-grain weight (r = 0.81) and grain weight per 
cob (r = 0.91) of maize at 1% probability level. Grain weight per cob in-turn showed a 
significant positive association with number of grains per cob (r = 0.97) and 100-grain 
weight (r = 0.84). However, 100-grain weight and number of grains per cob showed a 
significant positive moderate correlation (r = 0.70) between them.  
 
4.5.19. Correlation between P. hysterophorus density, dry weight and maize yield 
 and yield components 
 Presentation of data with respect to association of P. hysterophorus density at 
harvest with its dry weight and yield and yield components of maize is given Table 
4.5.24. The data indicated that parthenium weed density at harvest was negatively and 
significantly correlated with grain yield (r = -0.51), number of grains per cob (r = -0.66), 
and grain weight per cob (r = -0.63) of maize at 1% probability level. However, weed 
density was found to be significantly and negatively associated with 100-grain weight (r = 
-0.51) at 5% probability level. Moreover, a significant positive correlation was found 
between P. hysterophorus density with its dry weight at 1% probability level as revealed 
by correlation coefficient of 0.87.  
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Table 4.5.22. Effect of herbicides on grain oil content (%) of maize at UAF. 
Treatments 
Two year (2012 and 
2013) average 
Weedy check 3.98    
Atrazine @ 360 g a.i. ha-1 3.80    
Atrazine + nicosulfuron @ 385 g a.i. ha-1 3.98    
Atrazine + s-metolachlor @ 720 g a.i. ha-1 4.20    
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 4.00   
Dicamba @ 304.5 g a.i. ha-1 4.10   
HSD NS 
Contrasts 
Weedy check vs all 3.98 vs 4.02NS 
Atrazine single vs atrazine combinations 3.80 vs 4.09* 
Atrazine combinations vs non-atrazine combinations 4.09 vs 4.00NS 
Herbicide mixtures vs single herbicide 4.06 vs 3.95NS 
Means followed by the same letter in a column did not differ significantly according to Tukey's 
honestly significant difference (HSD) test  at p < 0.05;  NS and *indicate significant at p < 0.05, 
respectively.
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Table 4.5.23. Correlation matrix between yield and yield parameters of maize under 
influence of different herbicides at UAF 
Yield 
components 
Grain weight per 
cob (g) 
Number of 
grains per cob 
100-grain 
weight (g) 
Grain yield  
(t ha-1) 
Two-year (2012 and 2013) means 
Number of 
grains per cob 
0.97** - - - 
100-grain weight 
(g) 
0.84** 0.70** - - 
Grain yield  
(t ha-1) 
0.91** 0.85** 0.81** - 
** indicates significant at p ≤ 0.01. 
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Table 4.5.24. Correlation between P. hysterophorus density (plants m-2), dry weight (g m-
2), and yield and yield components of maize at UAF 
Characters Two-year (2012 and 2013) means 
Weed density vs grain yield -0.51* 
Weed density vs number of grains per cob  -0.66** 
Weed density vs 100-grain weight -0.51* 
Weed density vs grain weight per cob -0.63** 
Weed density vs weed dry weight 0.87** 
** and * indicate significant at p ≤ 0.01 and p ≤ 0.05, respectively. 
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4.5.20. Correlation between P. hysterophorus dry weight and maize yield and yield 
 components 
 Data regarding correlation coefficients of P. hysterophorus dry weight with maize 
yield and yield components are given in table 4.5.25. An overlook of data revealed that 
significant negative association of parthenium dry weight was found with grain yield (r = 
-0.55), number of grains per cob (r = -0.65), 100-grain weight (r= -0.61) and grain weight 
per cob (r = -0.66) of maize. 
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Table 4.5.25. Correlation between P. hysterophorus dry weight (g m-2), yield and yield 
components of maize at UAF 
Characters Two-year (2012 and 2013) means 
 
Weed dry weight vs grain yield -0.55** 
Weed dry weight vs number of grains per cob  -0.65** 
Weed dry weight vs 100-grain weight -0.61** 
Weed dry weight vs grain weight per cob -0.66** 
** indicates significant at p ≤ 0.01. 
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4.5.21. Economic and marginal analysis  
 To give final recommendation to farmer, economic analysis of various treatments 
applied in an experiment is necessary. To have an overlook of economic analysis, 
economists have derived various parameters to compare our treatments from various 
perspectives of farmer benefit. These parameters include benefit-cost ratio, dominance 
analysis and marginal rate of return. Description of economic analysis of different 
herbicide treatments is given below: 
 
(a) Benefit-cost ratio: 
 Farmer is interested in knowing how much additional money he will get from 
incurring each rupee on an input. Comparison of benefit-cost ratios of various herbicide 
treatments during year 2012 and 2013 is given in table 4.5.26. The data indicated that all 
herbicide treatments gave higher net benefits than weedy check treatment. The maximum 
net benefit (Rs.37603 in year 2012 and Rs.40994 in year 2013) was obtained from 
application of bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1. This treatment was 
followed by dicamba @ 304.5 g a.i. ha-1, atrazine + s-metolachlor @ 720 g a.i. ha-1, 
atrazine @ 360 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g a.i. ha-1 in respective order 
during both experimental years. The benefit over weedy check also followed same 
declining trend among treatments as by net benefit. 
 Regarding benefit-cost ratio of different herbicide treatments, the highest benefit-
cost ratio (6.87 during year 2012 and 7.17 during year 2013) was calculated with 
bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1. This treatment was followed by 
dicamba @ 304.5 g a.i. ha-1 as it gained second highest benefit cost ratio of 1.81 during 
year 2012 while 3.43 during year 2013. However, atrazine + s-metolachlor @ 720 g a.i. 
ha-1, atrazine @ 360 g a.i. ha-1 and atrazine + nicosulfuron @ 385 g a.i. ha-1 could be 
placed at 3rd, 4th and 5th positions during both years of study with respect to benefit-cost 
ratio.  
 
(b) Dominance and marginal analyses: 
In a list of ascending order of variable costs, a treatment whose net benefit was 
less than or equal to that of preceding one is considered dominated and is denoted by 'D'. 
The dominated treatment is not preferred by the farmer due to its less net benefit from 
higher variable cost. Therefore, it is excluded from being considered for further economic 
analysis such as marginal rate of return. In the present study, atrazine + nicosulfuron @ 
 221 
 
Table 4.5.26. Effect of herbicides on economic returns during year 2012 and 2013 at UAF. 
Treatments 
Gross income (Rs. 
ha-1) 
(Grain + Stalk) 
Total variable 
Cost (Rs. ha-1) 
Net benefits      
(Rs. ha-1) 
Benefit over 
weedy check 
Benefit cost ratio 
2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 
Weedy check 19750 19669 - - 19750 19669 - - - - 
Atrazine @ 360 g a.i. ha-1 23800 23193 1525 1675 22275 21518 2525 1849 1.66 1.10 
Atrazine + nicosulfuron @ 
385 g a.i. ha-1 
23598 23193 2250 2410 21348 20783 1598 1114 0.71 0.46 
Atrazine + s-metolachlor @ 
720 g a.i. ha-1 
26149 29592 2125 2300 24024 27292 4274 7623 2.01 3.31 
Bromoxynil + MCPA + 
metribuzin @ 470 g a.i. ha-1 
40203 43969 2600 2975 37603 40994 17853 21325 6.87 7.17 
Dicamba @ 304.5 g a.i. ha-1 28458 35059 3100 3475 25358 31584 5608 11915 1.81 3.43 
Price of maize grain (Rs. = rupees): Rs.4500 per tonne in year 2012 and Rs.5000 per tonne in year 2013; Price of maize stalk = Rs. 3550 per ha in year 2012 and Rs.5000 per 
ha in year 2013; Price of atrazine = Rs.675 in year 2012 and Rs.700 in year 2013; Price of atrazine + nicosulfuron = Rs.1400 in year 2012 and Rs.1435 in year 2013; Price of 
atrazine + s-metolachlor = Rs.1275 in year 2012and Rs.1325 in year 2013; Price of bromoxynil + MCPA + metribuzin = Rs.1750 in  year 2012 and Rs.2000 in year 2013; 
Price of dicamba = Rs.2250 in year 2012 and Rs.2500 in year 2013; Labor costs of spray = Rs.750 in year 2012 and Rs.875 in year 2013 (2.5 man days ha -1, Rs.300 man-1 in 
year 2012 and Rs.350 man-1 in year 2013); Rent of sprayer = Rs.100. 
(Rs.100 = 1 US dollar) 
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385 g a.i. ha-1 and dicamba @ 304.5 g a.i. ha-1 were proved to be dominated during both 
years of study (Table 4.5.27).  
It can also be concluded from the data that maximum MRR (2858% and 2030% in 
year 2012 and 2013, respectively) was drawn by bromoxynil + MCPA + metribuzin @ 
470 g a.i. ha-1 (Table 4.5.27). While herbicide treatments atrazine + s-metolachlor @ 720 
g a.i. ha-1 and atrazine @ 360 g a.i. ha-1 followed it regarding MRR during both years of 
study.
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Table 4.5.27. Dominance and marginal analyses of different herbicide treatments at 
UAF during year 2012 and 2013. 
 
Treatments 
Cost that 
vary (Rs. ha-1) 
Net benefits (Rs. 
ha-1) 
Marginal net 
benefit  
(Rs.ha-1) 
MRR (%) 
2012 2013 2012 2013 2012 2013 2012 2013 
Weedy check - - 19750 19669 - - - - 
Atrazine @ 
360 g a.i. ha-1 
1525 1675 22275 21518 2525 1849 165.6 110.4 
Atrazine + s-
metolachlor 
@ 720 g a.i. 
ha-1 
2125 2300 24024 27292 1749 5774 318.0 923.8 
Atrazine + 
nicosulfuron 
@ 385 g a.i. 
ha-1 
2250 2410 21348 D 20783 D - - - - 
Bromoxynil 
+ MCPA + 
metribuzin 
@ 470 g a.i. 
ha-1 
2600 2975 37603 40994 13579 13702 2858.7 2030.0 
Dicamba @ 
304.5 g a.i. 
ha-1 
3100 3475 25358 D 31584 D - - - - 
 
D = Dominant treatment 
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CHAPTER 5 
SUMMARY 
Parthenium hysterophorus L. is a summer annual weed. In Pakistan, this weed has 
spread throughout the country especially Punjab and Khyber Pakhtunkhawa (KPK) 
provinces. It has become threat to natural grasslands, field crops, orchards and vegetable 
fields. The countries where parthenium has invaded, it is becoming a problematic weed in 
wide-rowed sown summer season crops such as maize, cotton, sugarcane, peanut and 
vegetables. However, in Pakistan, no estimates are available regarding yield losses in 
various crops due to presence of this weed.  Keeping in view the long term benefits of 
sustained weed management program, studies have been proposed to investigate 
allelopathic interaction, competition and control of P. hysterophorus in maize. 
Results of our study are summarized as under. 
 
Laboratory experiment 1 
Experiment was conducted in Weed Science Laboratory, Department of Agronomy, 
University of Agriculture, Faisalabad, Pakistan with the hypothesis that whether 
parthenium plants and their rhizospheric soils from various farm locations showed 
phytotoxic effects to same or variable degree against maize. The objective of this research 
was to study allelopathic effect of parthenium plant and rhizospheric soil on germination 
and seedling growth of maize. 
• Among farm locations, parthenium growing near field border exerted maximum 
inhibitory effect against germination (70%) and seedling growth (91%) of maize. 
• However, its rhizospheric soil near water channel caused maximum reduction in 
seedling biomass (35%) and seedling vigor index (34%) of maize. 
• Among plant parts, parthenium leaf extract followed by fruit and whole plant extracts 
showed the highest phyto-toxicity against maize. 
• Allelopathic suppressive action of parthenium plant and rhizospheric soil was more 
pronounced on maize root than its shoot growth. 
 
Laboratory experiment 2 
To evaluate bio-herbicidal potential of some herb and tree species against germination 
and seedling growth of parthenium, their aqueous extracts were employed in germination 
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and seedling growth bioassays. Experiment was conducted in Weed Science Laboratory, 
Department of Agronomy, University of Agriculture, Faisalabad, Pakistan with the 
hypothesis that different plant extracts may have variable degree of pre-emergence and 
post-emergence phytotoxic effects against parthenium.  
 
• In germination bioassay, maximum germination inhibition (95 and 79%) was caused 
by leaf and whole plant extract of A. aspera, and leaf extract of R. communis, 
respectively, each with 5% concentration. However, maximum delay in germination 
(12 and 10 days) was caused by 5% leaf extract each of A. philoxeroides and Z. 
mauritiana, respectively. 
• In foliar spray bioassay, whole plant extract of A. aspera and 5% leaf extract of R. 
communis caused maximum reduction in seedling biomass (96 and 97%) of 
parthenium, respectively. 
 
Field experiment 1 
The field experiment was conducted under irrigated conditions for two crop years 
(2012 and 2013) at Agronomic Research Area (Latitude 31.25oN, Longitude 73.09o E and 
Altitude 184.4 m),  Department of Agronomy, University of Agriculture, Faisalabad, 
Pakistan Soils of the area are sandy loam in nature, slightly alkaline with pH 7.8 to 8.1 
and low in organic matter (0.7%). The experiments were laid out in randomized complete 
block design (RCBD) with 4 replications. Five parthenium weed densities were included 
in the study. These were no weed, parthenium weed densities of 5, 10, 15 and 20 plants 
per m2.  Recommended seed rate (20 kg ha-1) was used to plant this crop at flat seed bed 
using dibbler in 70 cm apart rows keeping plant to plant distance of 20 cm. Each plot size 
was 3.0 m × 2.1 m. Nitrogen and phosphorus were applied @ 200 and 115 kg ha-1 in the 
form of urea and diammonium phosphate (DAP), respectively.  Parthenium and other 
weeds were removed manually with a hand hoe to maintain respective parthenium 
densities in plots till harvest.  All other agronomic operations except those under study 
were kept normal and uniform for all the treatments. 
 Weed fresh and dry weight showed an increasing trend as the parthenium density was 
increased. The highest parthenium density (20 plants m-2) produced the highest weed 
fresh and dry weight which was statistically different from all other weed densities 
during both the years of study.  
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 The significantly maximum NPK uptake by P. hysterophorus was recorded in plots 
where parthenium weed density was kept maximum (20 pants m-2). The minimum 
NPK uptake by P. hysterophorus was recorded in plots with parthenium density of 5 
plants per m2 in year 2012 and 2013.  
 The maximum plant height of maize was recorded in weed free treatment which was 
statistically at par with that recorded with 5 to 15 parthenium plants per m2. 
However, it was significantly reduced by 20 parthenium plants per m2.  
 The highest number of grains per cob, 100-grain weight and grain weight per cob was 
recorded in plots where no P. hysterophorus plant was allowed to compete with crop. 
However, significant decline in number of grains per cob and grain weight per cob 
was observed by increasing parthenium density up to 10 plants per m2. Whereas 100-
grain weight was prone to significant reduction at and above parthenium density of 5 
plants per m2.  
 Increase in parthenium density significantly decreased the biological yield of maize. 
The maximum biological yield of 28.73 t ha-1 in 2012 and 26.05 t ha-1 in 2013 was 
recorded in weed free plot which was significantly different from all other treatments.  
 Grain yield of maize showed a significant decline with increase in parthenium 
density. Weed-free plots gave significantly the highest grain yield of 10.15 t ha-1. A 
significant positive correlation of maize grain yield was observed with number of 
grains per cob, 100-grain weight and grain weight per cob. Economic thresholds of 
1.2 and 1.3 plants per m2 during year 2012 and 2013, respectively were estimated for 
parthenium weed in maize. 
 Among maize grain quality attributes, grain protein content was significantly reduced 
in response to parthenium density of 10 to 20 plants per m2. However, there is no 
effect of parthenium on grain oil content of maize.  
 
Field experiment 2 
 The field experiment was conducted under irrigated conditions for two crop years 
(2012 and 2013) at Agronomic Research Area (Latitude 31.25oN, Longitude 73.09oE and 
Altitude 184.4 m), Department of Agronomy, University of Agriculture, Faisalabad, 
Pakistan. The experiments were laid out in randomized complete block design (RCBD) 
with 4 replications. Six parthenium weed competition periods were included in the study. 
These were no parthenium competition, parthenium competition for 5, 6, 7 and 8 weeks 
after crop emergence; and for full crop season.  Recommended seed rate (20 kg ha-1) was 
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used to plant this crop at flat seed bed using dibbler in 70 cm apart rows keeping plant to 
plant distance of 20 cm. Each plot size was 7.5 m × 2.8 m. Nitrogen and phosphorus were 
applied @ 200 and 115 kg ha-1 in the form of urea and diammonium phosphate (DAP), 
respectively.  Parthenium and other weeds were removed manually with a hand hoe from 
respective plots after prescribed duration and kept weed free till harvest.  All other 
agronomic operations except those under study were kept normal and uniform for all the 
treatments. 
 A linear increase in fresh and dry weight of parthenium weed was observed with 
increasing parthenium competition period from zero to full growing season 
competition. Ultimately, significantly the highest weed fresh and dry weight was 
recorded with full season weed competition.  
 Parthenium competition throughout the crop growing season resulted in significantly 
maximum NPK uptake by P. hysterophorus. Whereas the minimum NPK uptake by 
P. hysterophorus was recorded in plots where parthenium was allowed to compete 
with crop for a period of 5 weeks after crop emergence.  
 Maize plant height showed a declining trend with extension in parthenium 
competition period. Significantly the highest plant height of maize was measured 
from treatment which was kept weed free throughout the growing season.  
 With the increase in parthenium competition period, a gradual decline in number of 
grains per cob, 100-grain weight and grain weight per cob was noted during both 
years of study. The highest number of grains per cob, 100-grain weight and grain 
weight per cob was recorded in plots where crop was kept weed free for full growing 
season. However, significant reduction in number of grains per cob and grain weight 
per cob took place beyond competition period of 5 weeks after crop emergence while 
in 100-grain weight of maize beyond 8 weeks after crop emergence.  
 Biological yield of maize was prone to significant decline in response to increasing 
parthenium competition period. The maximum biological yield of 22.05 t ha-1 in 
2012 and 24.90 t ha-1 in 2013 was recorded in weed free plot which was significantly 
different from all other treatments.  
 A significant declining trend in grain yield of maize was noticed with increase in 
parthenium competition period from zero to full growing season competition. 
Significantly the highest grain yield (9.56 t ha-1) of maize was harvested from plots 
which were kept weed-free throughout the crop growing season. Grain yield was 
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found to be significantly and positively correlated with number of grains per cob, 
100-grain weight and grain weight per cob.  
 Maize grain protein content showed significant reduction beyond parthenium 
competition period of 5 weeks after crop emergence. However, there is no effect of 
parthenium on grain oil content of maize.  
 
Field experiment 3 
 The field experiment was conducted under irrigated conditions for two crop years 
(2012 & 2013) at Agronomic Research Area (Latitude 31.25oN, Longitude 73.09o E and 
Altitude 184.4 m), Department of Agronomy, University of Agriculture, Faisalabad, 
Pakistan. The experiments were laid out in randomized complete block design (RCBD) 
with 4 replications. Six parthenium weed control treatments were included in the study. 
These were weedy check, atrazine (Clark Plus-80WDG) @ 360 g a.i. ha-1, atrazine + 
nicosulfuron (Synergy-22SC) @ 385 g a.i. ha-1, atrazine + s-metolachlor (Primextra Gold-
720SC) @ 720 g a.i. ha-1, bromoxynil + MCPA + metribuzin (Valent-470EW) @ 470 g 
a.i. ha-1 and dicamba (Commit-40.6AS) @ 304.5 g a.i. ha-1.  Recommended seed rate (20 
kg ha-1) was used to plant this crop at flat seed bed using dibbler in 70 cm apart rows 
keeping plant to plant distance of 20 cm. Each plot size was 7.5 m × 2.8 m. Nitrogen and 
phosphorus were applied @ 200 and 115 kg ha-1 in the form of urea and diammonium 
phosphate (DAP), respectively.  Hand operated knapsack spray was used to spray the 
herbicides in each plot according to treatment plan after the emergence of parthenium 
weed.  All other agronomic operations except those under study were kept normal and 
uniform for all the treatments. 
 All weed control treatments significantly reduced the dry weight of P. hysterophorus. 
Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 gave 100% control of 
parthenium as recorded at harvest during both years of study. Among other 
herbicides, the lowest dry weight of 9.70 and 2.90 g m-2 was recorded in plots 
sprayed with dicamba @ 304.5 g a.i. ha-1 during year 2012 and 2013, respectively. It 
was followed by atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine + nicosulfuron 
@ 385 g a.i. ha-1 and then atrazine @ 360 g a.i. ha-1. However, the highest weed dry 
weight was found in weedy check treatment. 
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 The significantly maximum NPK uptake by P. hysterophorus was recorded in weedy 
check where weeds were allowed to grow all through the cropping season. The 
minimum NPK uptake by P. hysterophorus was recorded in plots where dicamba @ 
304.5 g a.i. ha-1 was applied. 
 All the herbicide treatments significantly enhanced plant height, number of grains per 
cob and grain weight per cob of maize. Maximum plant height and number of grains 
per cob of maize was recorded in bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 
and dicamba @ 304.5 g a.i. ha-1. Among different herbicide treatments, bromoxynil + 
MCPA + metribuzin @ 470 g a.i. ha-1 caused significantly the highest grain weight per 
cob of maize. However, compared with weedy check, significantly higher 100-grain 
weight of maize was recorded with all herbicide treatments except atrazine @ 360 g 
a.i. ha-1.  
 Bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 gained significantly the highest 
biological yield (27.92 t ha-1) and grain yield (9.51 t ha-1). A significant positive 
relationship existed among grain yield, number of grains per cob, 100-grain weight 
and grain weight per cob as indicated by correlation analysis. 
 Maximum herbicide index efficiency (1.0) was calculated from bromoxynil + MCPA 
+ metribuzin @ 470 g a.i. ha-1 which was followed by dicamba @ 304.5 g a.i. ha-1, 
atrazine + s-metolachlor @ 720 g a.i. ha-1, atrazine + nicosulfuron @ 385 g a.i. ha-1 
and atrazine @ 360 g a.i. ha-1 in respective order.  
 Weedy check showed the lowest grain protein content of maize. However, significant 
increase in grain protein content of maize was noted by application of dicamba @ 
304.5 g a.i. ha-1. There was non-significant effect of various weed control treatments 
on grain oil content of maize. 
Conclusion 
 Leaf extract of parthenium growing near the field border showed the highest phyto-
inhibitory action against maize due to its higher total phenolic contents (6678.2 mg L-1) 
and phenolic composition namely gallic acid (7.5 mg L-1), caffeic acid (12.9 mg L-1), 
4-hydroxy-3-methoxy benzoic acid (37.1 mgL-1) and p-coumaric acid (3.7 mgL-1).  
 Rhizospheric soil underneath parthenium growing near a water channel was proved to 
be the most phytotoxic against maize due to higher total phenolic contents (2549.0 mg 
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L-1) and individual phenolic concentrations i.e. m-coumaric acid (2.3 mg L-1), vanillic 
acid (32.9 mg L-1), syringic acid (10.2 mg L-1) and ferulic acid (2.2 mg L-1) compared 
with those collected from other farm locations.  
 Allelopathic suppressive action of parthenium plant and rhizospheric soil was more 
pronounced on maize root than its shoot growth. 
 Bio-herbicidal potential of Achyranthes aspera, Alternanthera philoxeroides, Ricinus 
communis and Ziziphus mauritiana against Parthenium hysterophorus was better due 
to their higher total phenolic contents (5779, 2618, 6655 and 2111 mg L-1, 
respectively) and presence of gallic, caffeic, chromatotropic, p-coumaric, m-coumaric, 
syringic and 4-hydroxy-3-methoxy benzoic acids in their aqueous extracts. 
 Density of 1.2 to 1.3 plants per m2 was the economic threshold of parthenium in 
maize so it must be controlled at or beyond this density level.  
 Up to 46% maize grain yield loss and 74, 9 and 58 kg ha-1 NPK uptake by parthenium 
occurred at highest parthenium density (20 plants m-2). 
 Parthenium-maize competition for a period of 5 weeks after crop emergence was 
critical to cause significant reduction (25%) in grain yield of maize.  
 Up to 53% maize grain yield loss and 18, 2.5 and 16.5 kg ha-1 NPK uptake by 
parthenium was resulted due to parthenium competition throughout crop season. 
 Grain protein content of maize was reduced at parthenium density level of 10 to 20 
plants m-2 and parthenium competition period of 6 weeks after crop emergence to full 
crop season. However, there was no effect of parthenium weed on grain oil content of 
maize. 
 Among herbicides used, bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1 resulted 
in 100% control of parthenium along with 138% grain yield increase. It was followed 
by dicamba @ 304.5 g a.i. ha-1 (74% yield increase) and atrazine + s-metolachlor @ 
720 g a.i. ha-1 (50% yield increase). 
 The highest benefit: cost ratio (6.87 in first year and 7.17 in second year) and MRR 
(2858 in first year and 2030 in second year) was attained by bromoxynil + MCPA + 
metribuzin @ 470 g a.i. ha-1. 
Recommendation 
 Field borders should be kept free from parthenium weed. Parthenium residues as 
well as its rhizospheric soil should be avoided to enter in the crop field to avoid its 
allelopathic interference. Parthenium hysterophorus in maize crop should be controlled at 
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its density level of 1.2 to 1.3 plants per m2 within 5 weeks after crop emergence with 
bromoxynil + MCPA + metribuzin @ 470 g a.i. ha-1. 
Future research suggestions 
 Further allelopathic studies should be carried out with respect to various growing 
conditions of parthenium in response to other ecological factors such as temperature, 
light, pH, moisture and salts under laboratory conditions to validate its allelopathic 
behavior. 
 Competition studies of parthenium with other crops such as sugarcane, cotton and 
vegetables should be conducted to ascertain yield losses and find out its critical 
density and competition period in them. 
 Allelopathic potential of various crops, weeds and trees should be tested against 
parthenium to evaluate their bio-herbicidal activity against this weed. 
 Liquid extracts of allelopathic plants A. aspera, A. philoxeroides, R. communis and Z. 
mauritiana should be tested alone or in combination with existing synthetic 
herbicides for sustainable management of parthenium in various crops.  
 Being a highly allelopathic weed, phytotoxic compounds and extracts of parthenium 
should be evaluated for their herbicidal action against other weeds. 
 New herbicides should also be tested as their pre- and post-emergence application for 
effective control of parthenium in maize and other crops. 
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